2.1 INTRODUCTION

The word atom is a Greek word meaning indivisible, i.e., an
ultimate particle which cannot be further subdivided. The idea
that all matter ultimately consists of extremely small particles
was conceived by ancient Indian and Greek philosophers. The
old concept was put on firm footing by John Dalton in the form
of atomi¢ theory which he developed in the years 1803-1808.
This theory was a landmark in the history of chemistry.
According to this theory, atom is the smallest indivisible part of
-matter which takes part in chemical reactions. Atom is neither
created nor destroyed. Atoms of the same element are similar in

size, mass and characteristics; however, atoms of different

clements have different size, mass and characteristics.

. In 1833, Michael Faraday showed that there is a relationship
between matter and electricity. This ‘was the first major
breakthrough to suggest that atom was not a simple indivisible
particle of all matter but was made up of smaller particles.
Discovery of electrons, protons and neutrons discarded the
indivisible nature of the atom proposed by John Dalton.

The complexity of the atom was further revealed when the
following discoveries were made in subsequent years:

(1) Discovery of cathode rays.

{ii) Discovery of positive rays.

(iii) Discovery of X-rays.

(iv) Discovery of radioactivity.

1+ Discovery of isotopes and isobars.

(vi)_Discovery of quarks and the new atomic model.

During the past 100 years, scientists have made contributions
~ which helped in the development of modern theory of atomic
structure. The works of J.J. Thomson and Ersest Rutherford
actually laid the foundation of the modern picture of the atom. It
is now believed that the atom consists of several particles called
subatomic particles like electron, proton, neutron, positron,
neutrino, meson, etc. Out of these particles, the electron, the
proton and the neutron are called fundamental particles and are
the building blocks of the atoms.

22 CA"’HODE RAYS—DISCOVERY OF
ELECTRON -

The nature and existence of electron was established by

experiments on conduction of electricity through gases. In 1859,

Julins Plucker started the study of conduction of electricity
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through gases at low pressure in a discharge tube. [A common
discharge tube consists of a hard glass cylindrical tube (about
50 cm long) with two metal electrodes sealed on both the ends. It
is connected to a side tube through which it can be evacuated to
any desired pressure with the help of a vacuum pump.] Air was

* almost completely removed from the discharge tube (pressure

about 10™* atmosphere). When a high voltage of the order of
10,000 volts or more was impressed across the electrodes, some
sort of invisible rays moved from the negative electrode to the
positive electrode (Fig. 2.1). Since, the negative electrode is
referred to as cathode, these rays were called cathode rays.

Gas at low pressure

Catgode

Vacuum pump Cathode rays

Fig. 2.1 Production cf cathode rays

Further investigations were made by W. Crookes, J. Perrin, 1.J.
Thomson and others. Cathode rays ‘possess the followmg
propertles

i They travel in straight lines away from the cathode with
very hlgh velocities ranging from 10° -10" cm per second. A
shadow of metallic object placed in the path is cast on the wall
opp051te to the cathode.

* (i:) They produce a green glow when strike the glass wall
beyond the anode. Light is emitted when they strike the zinc
sulphide screen.

1 They produce heat energy when they collide with the
matter. It shows that cathode rays possess kinetic energy which is
converted into heat energy when stopped by matter.

(iv) They are deflected by the electric and magnetlc fields.
When the rays are passed between two electrically charged
plates, these are deflected towards the positively charged plate.
They discharge a positively charged gold leaf electroscope. It
shows that cathode rays carry negative charge.

(v) They possess kinetic energy. It is shown by the.
experiment that when a small pm wheel is placed in their path,

_the blades of the wheel are set in motion. Thus, the cathode rays

consist of material particles which have mass and velocity.
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These particles carrying negative charge were called negatrons
by Thomson.
The name ‘negatron’ was changed to ‘electron’ by Stoney.
(vi) Cathode rays produce X-rays. When these rays fallon a
material having high atomic mass, new type of penetrating rays
of very small wavelength are emitted which are called X—rays
(vii) These rays affect the photographxc plate ‘
(viii) These rays can penetrate through thin foils of sohd
materials and cause ionisation in gases through which they pass.
(ix) The nature of the cathode rays is independent of:
(a) the nature of the cathode and
“*(b) the gas in the discharge tube.
In 1897, J. J. Thomson determined the e/m value

{charge/mass) of the electron by studying the deflections of

cathode rays in electric and magnetic fields. The value of ¢/ mhas

been found to be —1.7588 x 10° coulomb/g.
[The path of an electron in an electric field is parabolic, given

as:
eE 5
y= X
2mv? !
where, y= deflection in the path of electron in y-direction

e = charge on electron
E = intensity of applied electric field
m=nmass of electron
v = velocity of electron ,
x = distance between two paralle] electric plates
within which electron is moving. ‘
The path of an electron in a magnetic field is circular with
‘radius ‘¥ given as:

m= mass of electron

v = velocity of electron

e = charge on electron

B.= intensity of applied magnetic fleld

The radius of the path is proportional to momentum.]

By performing a series of experiments, Thomson proved that
whatever be the gas taken in the discharge tube and whatever
be the material of the electrodes, the value of e/m is always

the same. Electrons are thus common universal constituents of
all atoms.

J.J. Thomson gave following relation to calculate
charge/mass ratio:

where,

e E

m” g?
where the terms have ysual significance given before
=-1.7588x 10" Ckg™ '

Electrons are also produced by the action of ultraviolet light or

X-rays on a metal and from heated filaments. B-particles emitted
by radioactive materials are also electrons.

The first precise measurement of the charge on an electron
was made by Rebert A. Millikan in 1909 by oil drop
experiment. The charge on the electron was found to be

6 COMPETITIONS

chargé'known, it was, thus, de51
Mass of the eleetron:

=9.1096x 102 gor 9.1096 x 10

This is termed as the rest mass of the electron, i e.,mass of the
electron when moving with low speed. The mass of a moving
electron may be calculated by applying the following formula:_

. rest mass of electron
Mass of moving electron = — ’ ‘
2
v
. c

wherevis the velocity of the electron and ¢ is the velocity of light.
Whenv becomes equal to ¢, mass of the moving electron becomes
infinity and when the velocity of the electron becomes greater

- than ¢, mass of the electron becomes imaginary.

Mass of the electron relative to that of hydrogen atom:
Mass of hydrogen atom = 1.008 amu

=1.008% 1.66x102* g (since ] amu=1.66x 10" g)

=1.673x10% ¢

Mass of hydrogen atom _ 1.673x 1072
Mass of the electron  9.1096x 1072
=1837

Thus, Mass of an electron = 3317]- % mass of hydrogen atom

1008
T 1837
: = 0.000549 amu
An electron can, thus, be defined as a subatomic particle
which carries charge ~1.60x 107" coulomb, ie., one unit

negative charge and has mass 9.1x 1028 g ie ,%th mass of

the hydrogen atom (0.000549 amu).

- [Millikan’s oil drop method is used to determine the charge on
an electron by measuring the terminal velocity of a charged
spherical oil drop which is made stationary between two
electrodes on which a very high potential is applied.

Charge on an electron ‘g’ = bmnr

’(731 +7;)

where, 1| = coefficient of viscosity of the gas medium
-0, ,0, = terminal velocities
E =field strength

r= radius of the oil drop = \’W

(f = density of oil; & = density of gas; g = gravitational force)]
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2.3 POSITIVE RAYS—DISCOVERY OF
PROTON

With the discovery of electrons, scientists started looking for
positively charged particles which were naturally expected
because matter is electrically neutral under ordinary conditions.
The first experiment that led to the discovery of the positive
particle was conducted by Goldstein in 1886. He used a
perforated cathode in the modified cathode ray tube (Fig. 2.2). It
was observed that when a high potential difference was applied
between the electrodes, not only cathode rays were produced but
also a new type of rays were produced simultaneously from
anode moving towards cathode and passed through the holes or
canals of the cathode. These rays were termed canal rays since
these passed through the canals of the cathode. These were also
named anede rays as these originated from anode. When the
properties of these rays were studied by Thomson, he observed
that these rays consisted of positively charged particles and
named them as positive rays.

Perforated
/ cathode
/ Positive
Cath
+ rayosde rays
Eathode »
Fig. 2.2

The following characteristics of the positive rays were
recognised:

(i} The rays travel in straight lmes and cast a shadow of the
object placed in their path.

(i1) Like cathode rays, these rays also rotate the wheel placed
in their path and also have heating effect. Thus, the rays possess
kinetic energy, I. e., mass particles are present.

(ii{) The rays produce flashes of light on zinc sulphide screen.

" (iv) The rays are deflected by electric and magnetic fieldsina
direction opposite to that of cathode rays. These rays are attracted
towards the negatively charged plate showing thereby that these
rays carry positive charge.

(v) These rays can pass through thin metal foils.

{vi) These rays can produce ionisation in gases.

{vit) These rays are capable of producing physical and
chemical changes.

(viii) Positive particles in these rays have e/m values much
smaller than that of electron. This means either m is high or the
value of charge is small in comparison to electron. Since, positive
particle is formed by the loss of electron or electrons, the charge
on the positive pamcle must be an integral multiple of the charge

present on the electron. Hence, for a smaller value of e/m it is
definite that positive particles possess high mass.

(ix) e/mvalue is dependent on the nature of the gas taken in
the discharge tube, i. e. posmve particles are different in different
gases.

* Accurate measurements of the charge and the mass of the
particles obtained in the discharge tube containing hydrogen, the
lightest of all gases, were made by J.J. Thomson in 1906. These.
particles were found to have the e/ m value as + 9579 % 10* .
coulomb/g. This was the maximum value of e/m observed for
any positive particle. It was thus assumed that the positive
particle given by hydrogen represents a fundamental particle of
positive charge. This particle was named proton by Rutherford
in 1911. Its charge was found to be equal in magnitude but
opposite in sign to that of electron.

Thus, proton carries a charge + 1.602 x 107" coulomb,
i.e., one unit positive charge.
The mass of the proton, thus, can be calculated.
e _1602x 107"
elm 9579 10°
=1.672x10% g
or =1.672x107 kg

1.672x10™%
1.66 1072

A proton is defined as a subatomic particle which has a mass
nearly 1 amu and a charge of +1 unit (+ 1.602 X 107" coulomb).
Protons are produced in a number of nuclear reactions. On the

basis of such reactions, proton has been recognised as a
fundamental building unit of the atom.

RUTHERFORD EXPERIMENT—
DISCOVERY OF NUCLEUS

After the discovery of electron and proton, the question arose
how these charged particles are distributed in an atom. The

answer was given by I.J. Thomson in the form of first model of
the atom.

He proposed that the positive charge is spread over a sphere in

Mass of the proton =

Mass of the proton in amu = =1.0072 amu

~ which the electrons are embedded to make the atom as a whole

neutral. This model was much like raisins in a pudding and is also
known as Thomsons plum pudding model. This model was
discarded as it was not consistent with the results of further
investigations such as scattering of ot-particles by thin metal foils.
In 1911, Ernest Rutherford and his co-workers carried out a
series of experiments using ot-particles* (Fig. 2.3 and 2.4). A
beam of ¢t-particles was directed against a thin foil of about
0.0004 cm thickness of gold, platinum, silver or copper

*The radiations emitted by radioactive substances consist of o-particles. These particles are positlvely charged. These particles are actually helium
atoms from which electrons have been removed. Each a-pamcle consists of a mass equal to about 4 times that of hydrogen atom and carries a positive

charge of two units,. It is represented by the symbol cor 2He

He —  He** «+ 2e

Helium atom

G-particles are usually obtamed from a natural isotope of polonium-214.

a-particle

Eiectron
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‘respectw‘ely The foil was surrounded by a circular fluorescent

zinc sulphide screen. Whenever ana-pamcle struck the screen, it
‘produced a flash of light.

- The following observations were made: |

(i) Most of the ai-particles (nearly 99%) went stralght without
suffenng any deflection.

(if) A few of them got. deﬂectéd through small angles.
(i) A very few (about one in 20,000) did not pass through the

foil at all but suffered large deflections (more than 90°) or even .

"came back in more or less the diréction from whlch they have
.come, i.e., a deﬂecﬁon of 180°.

Movable .
screen.

o Gold foil
o-particles

‘ Radioactlve
substance
{Polonium) \\
Lead plate
Deflected
o-particles
Flg. 2.3
Largely deflected  Nucleus  Slightly deflected
" o-particles a-particles
o
(&)
(@) — (@) — .8
=t
g~ (@) — (o) (28
g 53

(@)

- Stightly deflected:
o-particles -

Fig. 2.4 (a)

" Consider an o-particle of mass ‘»’ moving directly towards a -

nucleus with velocity 0’ at any given time. As this a-particle

approaches the nucleus, its velocity and hence kinetic energy

continues to decrease. At a certain distance 7, from the nucleus,

the o-particle will stop and then start retracing its depicted path.

This distance is called the distance of closest approach. At this

distance, the kinetic energy of the o-particle is transformed into
~ electrostatic potential energy. If Z be the atomic number of the
/p_ucleus, then

1o 1 Zxk

2 dmey - on

. recoil due to direct collision with

-+ Electrostatic PE = — . 9192
ane, r
= 1 4Z¢*
0 471580 m’()2
1, 27¢*
?‘0 =
T dmey Eg

Where, Ey isthe orxgmal kinetic energy of the (x-pamcles

1 9x10° Nm2C™? (MKS)
4me, ,

=1(CGS)
The distance of closest approach is of the order of 10 m. So,

[

Here,

: the radius of the nucleus should be less than 107!

Following conclusions were drawn from the above observations:

(i) Since, most of the a-particles went straight through the
metal foil undeflected, it means that there must be very large
empty space within the atom or the atom is extraordmanly
hollow.

(ii) Afewofthe (x-partlcles were deflected from their ongmal
paths through moderate angles; it was concluded that whole of
the positive charge is concentrated and the space occupied by this
positive charge is very small in the atom. When a-particles come
closer to this point, they suffer a force of repulsion and deviate
from their paths,

The posmvely charged heavy mas$ which occupies only a
small volume in an atom is called nucleus. It is supposed to be
present at the centre of the atom.

(iii) A very few of the
o-particles  suffered strong
deflections or even returned on
their path indicating - that the
nucleus is rigid and o-particles -

scattered —»

the heavy positively charged mass.
The graph between angle of
scattering and the number of
o-particles  scattering in  the
corresponding  direction is as
shown in Fig. 2.4 (b).
Information of Rutherford’s scattering equation can be
memorised by the following relations:
(a) Kinetic energy of ot-particles:
N= Kl/[(lfz)mv i
{b) Scattermg angle ‘9™
N= Kzl[sm ®/2)]
{(c) Nuclear charge:
N =K;(Ze)
Here N =Number of a-particles striking the screen and
K,,K, and K are the constants.

‘No. of a-particles

— Scattering angle
Fig.24(®)

MOSELEY EXPERIMENT—ATOMIC
NUMBER

Roentgen, in 1895, discovered that when high energy electrons in
a discharge tube collide with the anode, penetrating radiations are

‘produced which he named X-rays (Fig. 2.5). -
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X-rays are electromagnetic radiations of = very small
wavelengths (0.1-20 A). X-rays are diffracted by diffraction

gratings like ordinary light rays and X-ray spectra are, thus,.

-produced. Each such spectrum is a characteristic property of the
element used as anode.

Moseley (1912-1913), investigated the X-ray spectra of 38
different. elements, starting from aluminium and ending in
gold. He measured the frequency of principal lines of a particular
series (the o-lines in the K series) of the spectra. It was observed
that thé frequency of a particular spectral line gradually increased
with the increase of atomic mass of the element. But, it was soon
realised that the frequency of the particular spectral line was
more precisely related with the serial number of the element in
the periodic table which he termed as atomic number (Z). He
presented the following relationship:

\/;;a(z_b) .

where, v = frequency of X-rays, Z = atomic number, a and b are
constants. When the values of square root of the frequency were
plotted against atomic numbers of the elements producing
X-rays, a straight line was obtained (Fig. 2.6).

Vyoes

5 i 1 L
10 20 30 40

Atomic number 2

" Fig. 2.6

- van den Broek (1913) pointed out that the atomic number of
an element is equal to the total positive charge contained in the
nucleus of its atom. Rutherford was also having the same opinion
that the atomic number of an element repsesents the number of
protons in the nucleus of its atom. Thus,

Atomic number of the element
= Serial number of the element in periodic table
= Charge on the nucleus of the atom of the element
= Number of protons present in the nucleus of the
_ atom of the element
‘= Number of extranuclear electrons present in the .
atom of the element

2.6 DISCOVERY OF NEUTRON
The discovery of neutron was actually made about 20 yeafs after
the structure of atom was elucidated by Rutherford. Atomic

masses of different atoms could not be explained if it was
accepted that atoms consisted only of protons and electrons.

" Thus, Rutherford (1920) suggested that in an atom, there must be
. present at least a thitd type of fundamental particles which should

be electrically neutral and possess mass nearly €qual to that of
proton. He proposed the name for such fundamental particle as
neutron. In 1932, Chadwick bombarded beryllium with a
stream of o-particles. He observed that penetrating radiations
were produced which were not affected by electric and magnetic
fields. These radiations consisted of neutral particles, which were
called neutrons. The nuclear reaction can be shown as:

"3Be + 3He — '2C + in

Beryllium o-particle "Carbon Neutron

The mass of the neutron was. determined. It was

1.675x 107 g, i.e;, nearly equal to the mass of proton.
Thus, a neutron is a subatomic particle which has a mass
1.675 x 10'24 g, approximately 1 amu, or nearly equal to the

mass of proton or hydrogen atom and carrying no electrlcal
charge. The e/ mvalue of a neutron is thus zero. '

27 RUTHERFORD MODEL -

.On the basis of scattering experiments, Rutherford proposed a

model of the atom which is known as nuclear atomic model.
Accordmg to this model:

() An atom consists of a heavy positively charged nucleus

 where all the protons and neutrons are.present. Protons and

neutrons are collectively referred to as nucleons. Almost whole -
of the mass of the atom is contributed by these nucleons. The
magnitude of the positive charge on the nucleus is different for
different atoms. _

(ii) The volume of the nucleus is very small and is only a
minute fraction of the total volume of the atom. Nucleus has a
diameter of the order of 107 to 107 cm and the atom has a
diameter of the order of 107 cm

Diameter of theatom _ 107

_ = =10°
Diameter of the nucleus 10
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Thus, diameter (size) of an atom is 100,000 times the diameter
of the nucleus.*

The radius of a nucleus is proportional to the cube root of the
number of nucleons within it.

R=RyA" cm
- where, Ry = 1.33x 107" cm; 4 = nmass number; R = Radius of
the nucleus. -

Rutherford and Marsden calculated the density of the
hydrogen nucleus containing only one proton.

Mass  [4x1.66x107* g]

B 'Vo,lume;
B 4

YR
—x nR3 cm?

Axl 66310724

§x314x(1 33%107% ) x 4

=1.685x 10" g/cm?

(iii) There is an empty space around theé nuclens called
extranuclear part. In this part, electrons are present. The number
of electrons in an atom is always equal to number of protons
present in the nucleus. As the nucleus part of the atom is
responsible for the mass of the atom, the extranuclear part is
responsible for its volume. The volume of an atom is about 10"
times the volume of the nucleus.

Volume of theatom _ (107°)* 107

(iv) Electrons revolve round the nucleus in closed orbits with
high speed. The centrifugal force acting on the revolving
electrons is being counterbalanced by the force of attraction
between the electrons and the nucleus,

This model was similar to the solar system, the nucleus repre-
senting-the sun and revolving electrons as planets. The electrons
are,therefore, generally referred to as planetary electrons.

=10"

" Volume of the nucleus -

Dissimilarities between Nuclear Atomic Model and
Solar System

(i) The sun and the planets are very big bodies and uncharged
while the nucleus and electrons are very small objects and charged.

(ii) The revolution of the planets in the solar system is
governed by gravitational forces, while the revolution of
electrons around the nucleus is governed by electrostatic forces.

(iii) In the solar system, there is only one planet which
revolves in any particular orbit, but in the nuclear atomic model
more than one electron may rotate in any particular orbit.

Drawbacks of Rutherford Model

(i) According to classical electromagnetic theory, when a
charged particle moves under the influence of attractive force, it
loses energy continuously in the form of electromagnetic
radiations. Thus, when the electron (a charged particle) moves in
an attractive field (created by protons present in the nucleus), it
must emit radiations. As a result of this, the electron should lose
energy at every turn and move closer and closer to the nucleus
following a spiral path (Fig. 2.7). The ultimate result will be that
it will fall into the nucleus, thereby making the atom unstable.
Bohr made calculations and pointed out that an atom would
collapse in 107® seconds. Since, the
atom is quite stable, it means the
electrons do not fall into the nucleus,
thereby this model does not explain
the stability of the atom.

(ii) If the electrons lose energy
continuously, the observed spectrum
should be continuous but the actual
observed spectrum consists of well
defined lines of definite frequencies.
Hence, the loss of energy by the
electrons is not continuous in an atom.

Nucleus

Electron
Fig. 2.7
-2.8: ELECTROMAGNETIC RADIATIONS

These are energy radiations which do not need any medium for
propagation, e.g., visible, ultraviolet, infrared, X-rays, y-rays,
etc. An electromagnetic radiation is generated by oscillations of a

- charged body in a magnetic field or a magnet in an electrical

field. The frequency of a wave is the frequency of oscillation of
the oscillating charged particle, These radiations or waves have
electrical and magnetic fields associated with them and travel at
right angle to these {ields. The following are thus the important
characteristics of electromagnetic radiations:
B All electromagnetic radiations travel with the velocity of
light. .
B These consist of electric and magnetic fields that oscillate
in directions perpendicular io each other and perpendicular
to the direction in which the wave is travelling.

S.No Name Wavelength (3) _ Frequency (Hz) Source
1. |Radio wave 3x10"-3x107 1x10° 41 10° Alternating current of high frequency
2. |Micro wave 3x107 6% 1¢° 1x10% -5 x10" Klystron tube ’
3. |Infrared (IR) 6 x 10° - 7600 5%10" -3.95x10'¢ Incandescent objects
4. |Visible - 7600-3800 3.95x10"-79x10"  |Electric bulbs, sun rays
5, |{Ultraviolet (UV) 3800-150 7.9% 10" -2 x 10 Sun rays, arc lamps with mercury vapours
6. |X-Rays 150-0.1 2x 10" -3x10" Cathode rays striking metal plate
7. |y-Rays 0.1-0.01 3x10% —3x10% Secondary effect of radioactive decay
~ 8. | Cosmic rays- :0.01-Zero 3Ix 102°-Inﬁnity Outer space

*The diameter of various atoms lies in the range of 0.74 to 4.70 A (1 A =107 cm).
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(4

A wave is always characterized by the following six
characteristics: ‘

(i) Wavelength: The distance between two nearest crests or
nearest troughs is called the wavelength. It is denoted by A
(lambda) and is measured in terms of centimetre (cm), angstrom
(A), micrometre (um) or nanometre (nm).

Crest Wavelength

VAVAY

1A=10% cm=10"m
1um=10"4 em=10%m
1nm=10"7 cm=10" m
lem=10%A =10* um=10" nm
(ii) Frequency: Itis defined as the number of waves which
pass through a point in one second. It is denoted by the symbol

v {(nu) and is measured in terms of cycles {or waves) per second
(cps) or hertz (Hz).

Vibrating
source l

Troug

Av = distance travelled in one second -
= velocity = ¢
c
or v=—
A
(iii) Velocity: It is defined as the distance covered in one second
by the wave. It is denoted by the letter ‘c’. All electromagnetic
waves travel with the same velocity, i.e.,3 X 10'° cm/sec.
Av= 3x10'° _
Thus, a wave of higher frequency has a shorter wavelength
while a wave of lower frequency has a longer wavelength.
(iv) Wave number: This is the reciprocal of wavelength,

i.e.,the number of wavelengths per centimetre. It is denoted by
the symbol ¥ (nu bar).

V=

2|

It is expressed in cm™ orm™ .

(v) Amplitude: It is defined as the height of the crest or
depth of the trough of a wave. It is denoted by the letter *a’. It
determines the intensity of the radiation.

The arrangement of various types of electromagnetic radiations
in the order of their increasing or decreasing wavelengths or
frequencies is known as electromagnetic spectrum.

. N Fi
v=3x107 (cycle/ sec) —?y 3 % 102!

Wavelength
A(om) = 10% et 4o
£
2] § e = - )
Low energy 2ol d e High energy
Low frequency ; % ;‘. g o E @l o, High frequency
Long wavelength g é % % § é E 7| Short wavelength
B o= Z a5 5
g =& E > D ¥ &

(vi) Time period: Time taken by the wave for one complete
cycle or vibration is called time period. It is denoted by T

7=l
Unit: Second per cycle.
2.9 EMISSION SPECTRA—HYDROGEN
SFECTRUM

Spectrum is the impression produced on a screen when radiations
of particular wavelengths are analysed through a prism or
diffraction grating. It is broadly of two types:

(i) Emission spectra {ii) Absorption spectra.

Difference between Emission and Absorption Spectrum

Emission spectrum' Absorption spectrum

1. It gives bright lines (coloured)
on the dark background.

2. Radiations from emitting
source are analysed by the
speciroscope.

1t gives dark lines on the bright
background.

It is observed when the white
light is passed through the
substance and the transmitted
radiations are analysed by the
spectroscope.

3. It may be continuous (if source
emits white light) and may be
discontinuous (if the source
emits coloured light).

These are always disconti-
nUous.

Emission spectra: It is obtained from the substances which
emit light on excitation, i. e., either by heating the substances on a
flame or by passing electric discharge through gases at low
pressure or by passing electric current discharge through a thin
filament of a high melting point metal. Emission spectra are of
two types:

(a) Continuous spectra and (b) Discontinuous spectra.

(a) Continuous spectra: When white light is allowed to pass
through a prism, it gets resolved into several colours (Fig. 2.8).
The spectrum is a rainbow of colours, i. e., violet merges into blue,
blue into green, and so on. This is a continuous spectrum.

| Ultraviolet
Violet 4000 A
| Indigo

Blue

Green

ki Yellow

{ Orange

| Red 6500 A

of white light

{ Infrared

Continuous
Fig. 2.8 Continuous spectrum of white light
(b) Discontinuous spectra: When gases or vapours of a
chemical substance are heated in an electric arc or in a Bunsen
flame, light is emitted. If a ray of this light is passed through a
prism, a line spectrum is produced. This spectrum consists of a
limited number of lines, each of which corresponds to a different
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wavelength of H'ght The line spectrum of each element is unique.
Hydrogen spectrum is an example of line emission spectrum or
atomic emission spectrum.

When an electric discharge is passed through hydrogen gas at
low pressure, a bluish light is emitted. When a ray of this light is
passed through a prism, a discontinuous line spectrum of several

-isolated sharp lines is obtained. The wavelengths of various lines
show that these lines lie in visible, ultraviolet and infrared
regions. All these lines observed in the hydrogen spectrum can be
classified into six series.

Spectral series . Discovered by Appear’ing in
Lyman series Lyman® Ultraviolet region
Balmer seri¢s _ Balmer Visible region
Paschen series Paschen Infrared region
Brackett series _Brackett Infrared region
Pfund series Pfund " Infrared region
Humphrey series Humphrey Far infrared region

Ritz presented a mathematical formula to find the
wavelengths of various hydrogen lines.

Red - Blue-Green

Indigo Violet
6563 4861 4340 4102

Fig. 2.9 (a) Balmer serles in the hydrogen spectrum

T 2
1 n

Lyman series: V= ‘}1—. =RZ? [l - -L]

ny, =2,3,4,5,...
Obtained in emission as well as in absorption spectrum ratio
of m™ to n™ wavelength of Lyman series.

_)\‘_,n:[m'i—lJZ (n+ 12 ~1]
Ag \n+l) | (m+?-1)

Balmer series: ‘:-—_,:{Z2 1_1
A 2? n}

—_1_v_ 1 1 ny, =3,4,5,6,..
Ve LT R PrAYY - Obtamed only in emission spectrum .
, 1 2 . I
Where, Risa umversal constant, known as Rydberg constant. Its Paschen series: V= 1 = 2 _1_ _1 -
value is 109,678 cm™ , n, and n, are integers (such that n, > n,). ~ A - 13% n} |
For a given spectral series n; remains constant while n, varies =4.5.6.7
from line to line in the same series. - ny =4,506,1,... }
The value of 7, =1,2,3,4 and 5 for the Lyman, Balmer, Brackett series: v=L=grz?| L _1
Paschen, Brackett and Pfund series respecuvely n, is greater ' A 4
than n, by at least 1. ~5678
Values of n, and n, for various series P2 =0 L%
Spectral series Valueofn, - Value of nz Pfund series: V= 1 = 2 ]iiz . iz}
Lyman series 1 2,3,4,5,... M 5 om |
Balmer series 2 3,4,5,6,... A n, =6,7,8, 9 . ,
Paschen series 3 4,5,6,7,... Note : (i) Atoms give line spectra while molecules give band spectra.
Brackett series 4 5,6,7,8,... (ii) Balmer, Paschen, Brackett, Pfund series are found in
Pfund series 5 . 6,7,8,9,... . emission spectrum
. Electronic transition " Name of line . Wave no. Wavelength and colour
m=3 —n=2 H,, (First line) 1 -t1 11} 3R A = 6563 A (Red)
) ® LVETER oS '
‘ A 2°- 3] 36 :
" = 4 —m=2 Hg (Second line) volopll_1 1.3R A =4861 A (Blue-Green)
@ R A L2 4% 16 : SR
m=5—sm= 2 H, (Third line) - 1 T1 17 2R A'=4340 A (Indigo)
© V=R 5 -5 |=7— : .
A L2257 100 . :
"= 6 —m=2 H; (Fourth line) ol _pll_17]_8R A =4102A (Violet)
@ Mar e Pl s

(Above four lines were viewed in Balmer series by naked eye.)

Absorption Spectrum : Suppose the radiations from a conti-
nuous source like a hot body (sun light) containing the quanta of
all wavelengths passes through a sample of hydrogen gas, then
the wavelengths missing in the emergent light give dark lines on
the bright background. This type of spectrum that contains lesser

number of wavelengths in the emergent light than in incident

light is called absorption spectrum.

Let the radiations of wavelengths X,,A;,A5,A,,As are
passed through the sample of hydrogen gas such that A and A,
are absorbed then the absorption spectrum may be represented as:
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Ay “Sample A
Ay of - T Ay
Hydrogen ‘ ’
Ay gas A
-,

Fig. 2.9 (b) Absorptlon Spectrum

210 QUANTUM THEORY OF RADIATION

The wave theory successfully explams many properties of
electromagnetic radiations such as reflection, refraction, diff-
raction, interference, polarisation, etc., but fails to explain some
phenomena like black body radiation, ph_otoelectric effect, etc. ~
In order to explain black body radiation and photoelectric
effect, Max Planck in 1901 presented a new theory which is
known as quantum theory of radiation. According to this
theory, a hot body emits radiant energy not continuously but
discontinuously in the form of small packets of energy called
quantum (in plural quanta). The energy associated with each

quantum of a given radiation is proportional to the frequency of

the emitted radiation.

Eov
Or E = hv where, k is a constant known as Planck’s constant. Its
numerical value is 6.624 x 107 erg-sec. The energy emitted or
absorbed by a body can be cither one quantum or any whole
number multiple of hv,ie.,2hv,3hv,4hv,. nkv quanta of
energy.

Thus, energy emitted or absorbed = nhv, where n can have
values 1, 2, 3, 4, . . .. Thus, the energy emitted or absorbed is
guantised. -

In 1905, Einstein pointed out that light can be supposed to

consist of a stream of particles, called photons. The energy of - -

each photon of 1ight depends on the frequency of the light,

e, E= hv Energy is also related according to Einstein, as

E = mc? where mis the mass of photon. Thus, it was pointed out

that light has wave as well as particle charactenstlcs (dual
nature). :

EREX T )
RS T |

oees - -
eses-

" Example 1. How many protons, electrons and neutrons

‘ are present in 0.18 g i”gP?
Solution: No. of protons in one atom of P

= No. of electrons in ‘one atom of P= 15
No. of neutrons in one atom of P= (4 — Z )= (30— 15) 15

 0.18g 3GP—-(-]'—1-§-0 006 m
30

No. of atoms in 0.006 mol = 0.006 x 6.02 x 10%
No. of protons in 0.006 mol ;P = 15x 0.006x 6.02x 10%

=5.418 % 10%
So, No. of electrons = 5.418 x 10%
and No. of neutrons = 5.418 x 107

Example 2. Calculate the ﬁ‘equency and wave number of
radzatzon with wavelength 480 nm. .

Seolution: Given,

A =480nm=480x10" m

[*1nm=10" m]
¢=3x10% m/sec - '

' 8
Frequency, ~£-M—625x10‘4 -1
Y,
A 480x10”° m
=6.25x 10" Hz

.- Example3. Calculate the energy associated with photon
of light having a wavelength 6000 4. [h ﬁ624 x 107 erg-sec ]

WeknowthatE hv= fz -}:

h=6624x10"7 ergsec; ¢ =3 X 10" cm/ sec:

2 =6000A = 6000x 107 cm

(6:624 1072 )x (3% 10'0)
6x107°

Solution:

So, E= =3312x107" erg.

. Exampled. Which has a higher energy, a pfioton of violet
light with wavelength 4000 A or a-photon of ‘red lzght with
wavelength 7000 A? [h=6.62x 107* Js]

We know that, E = hv = h-,-):

h=662x10"*Js, ¢=3%x10® ms™

For a photon of violet light,
A =4000A =4000x10"" m

3x10%

Solution:

Given,

E=662x107* x =496x1077)
4x1077
For a photon of red light,
A=7000A =7000%x107"° m
. ‘
E=6.62x107 x __i"_]o—l =283x 1077
: 7000 x 1071¢

Hence, photon of violet light has higher energy than the
photon of red light.

" Example5. -What is the ratio between the energies of two
radzanons one with a wavelength of 6000 A and other with
2000 47 ,

Solution: X, = 60004 and A, = 2000A

E =h-—and E,=h-—
t A, xz

2000 1

Ratio, E_E_f!....f. }\'_2_,.%:..2..____
. ) Ez ).1 h’C )«] 6000 3
or E, =3E,

‘Example 6. Calculate the wavelength, wave number and
JSrequency of photon having an energy equal to three electron
volt. (h=6.62x 107" erg-sec.) :
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Solution: We know that,
E=h-v
v=-§ (1eV =1.602x107"? erg)

_3)(L602X107%) il e 10l g

6.62x 107
10 :
A_E_@im_m=4.132x10'5 cm
v 7.26x10
—z%=___4 132,1 = 2.42x10* cm™!
. X

Example 7. Calculate the energy in kilocalorie per mol of,

the photons of an electromagnetic radiation of wavelength
7600 4. ‘

Selution: A =7600A = 7600% 10™® ¢cm
¢=3%x10" cms™
4 3Ix 1010 14 _~1
Frequency, v=—=———=3.947x10" s
- A 7600% 1078

Energy of one photon = hv = 6.62 X 1077 x3.947 x 10"
=261x10"" erg
Energy of one mole of photons = 2.61x107"2 X 6.02 X 10
=15.71x 10" erg
Energy of one mole of photons in kilocalorie
_15.71x 10"

T 4.185x10'°
= 37.538 kcal per mol

Example 8. Electromagnetic radiation of wavelength
242 nm is just sufficient to ionise the sodium atom. Calculate the
ionisation energy in kJ mol ™' ,h = 6.6256x 107> Js. (LIT 1992)

[1keal = 4.185 x10'? erg]

solut =« A=242nm=242x10" m

e=3x%10® ms™
3x 108
242x107°
=0.082x 1077 7=0.082x 107 kJ
Energy per mole for ionisation = 0.082 x107%° x 6.02 x 10
= 493.6 kJ mol ™!

Example 9. How many photons of light having a
wavelength 4000 A are necessary to provide 1.00 J of energy?

E=hv=h--§—=6.6256x10‘34 x

Selutien:  Energy of one photon
' =hv=h-<
(662x 1074)(30x 10*)

4000% 10710
=4965x107 ]

1.00
4.965%10°"°

Example 10. Find the number of quanta of radiations of
frequency 4.67x 107 s7', that must be absorbed in order to melt
5 g of ice. The energy required to melt 1 g of ice is 333 J.
Solution: Energy required to melt5 g of ice

=5x333=16651

- Number of photons = =2.01x10"

Energy associated with one quantum
=hv=(6.62x10*)x (4.67x 10")
=30.91x 1072 §

Number of quanta required to melt5 g of ice

= ___1_66_5_2_1 = 53.8x 10%
3091x 107 '
=538x 10%
. Example 11. Calculate the wavelength of the spectral line,
when the electron in the hydrogen atom undergoes a transition
[from the energy level 4 to energy level 2. .
Solution: ~According to Rydberg equation,

1 11
=R
A {xz' yz}

R=109678cm™};

x=2; y=4
1 100678 Lo L
A 4 16
=109678x —
16
On solving, A =486 nm

Example 12. 4 bulb emits light of wavelength A = 4500 4.
The bulb is rated as 150 watt and 8% of the energy is emitted as
light. How many photons are emitted by the bulb per second?

(TIT 1995)
Solmion: Energy emitted per second by the bulb A

—150x -2 ]
100

34 8
Energy of 1 photon = ho _ 8626x10°7 x ?Ux 10
A 4500x 107 =~

=442x 107" joule
Let n photons be evolved per second.

nx442x 107 =150% >
100

n=272x10'

Example 13. A near ultraviolet photon of 300 nm is
absorbed by a gas and then remitted as two photons. One photon
is red with wavelength of 760 nm. What would be the wave
number of the second photon?

Solution:’

Energy absorbed = Sum of energy of two quanta

he he he

300x10°  760x10° A X107
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On solving, we get,

¥ (wave number) = % =2.02x107 m™

Example 14. Calculate the wavelength of the radiation

which would cause the photodissociation of chiorine molecule if -

the Cl—Cl bond energy is 243 kJ mol ~

Solution:  Energy required to break one Cl—Cl bond
Bond energy per mole

Avogadro’ s number
243 243x10°
- 23 k= 23
6.023x 10 6.023x 107 .

Let the wavelength of the photon to cause rupture of one
Cl—Cl bond be A. ‘

We know that,
)2 he_ 66X 1074 x 3x 10% x 6.023 x 102
E 243 % 10°
=490x 1077 m=490 nm
Example 15. How many moles of photon would contain

sufficient energy to raise the temperature of 225 g of water 21°C
to 96°C? Specific heat of water is 4.18 J g'1 K 7! and frequency
of light radiation used is 2.45x 10° 57!
Solution: Energy associated with one mole of photons
=Ny XhXxv
=6.02x 107 x 6.626x 107* x 2.45x 10°
=97.727x 1072 Jmol ™

Energy required to raise the temperature of 225 g of water by
75°C =mXsxt

=225x4.18x75="7053757 .
Hence, number of moles of photons required

s T0375 g ) 10* mol
Nohv  97.727x 107

... Example 16. During  photosynthesis,  chlorophyli-a

absorbs light of wavelength 440nm and emits light of wavelength
670 nm. What is the energy available for photosyntheszs Jfrom the
absorption-emission of a mole of photons?

Sotution: AE:{W} _ {&}
A absorbed A evolved

= Nhe [ 1 .1 }
A absorbed A evolved

=6.023x 107 x 6.626 x 10734 x

3% 108 L 1
440x 107  670x107°

=0.1197[2.272x 10° —1.492x 10%]

=0.0933x 10° J/ mol = 93.3kJ/ mol
Example 17. Photochromic sunglasses, which darken
when exposed to light, contain a small amount of colourless

AgCl(s) embedded in the glass. When irradiated with light,
metallic silver atoms are produced and the glass darkens.

AgCl(s)—> Ag(s)+Cl _
Escape of chlorine atoms is prevented by the rigid structure of
the glass and the reaction therefore, reverses as soon as the light
is removed. If 310 kJ / mol of energy is required to make the
reaction proceed, what wavelength of light is necessary?

Solution: Energy per mole = Energy of one Einstein

i.e.,energy of one mole quanta
_ Nhe

A
6.023%x 107 x 6.626x 107 x 3x 10°

A
A=3862x107 m=3862x 107" m= 38624

310x 1000 =

{LUSTRATIONS -OF OBJECTIVE QUESTIONS

1. The ﬁequency of the radiation havmg wave number 10m™ is:

(a) 10s™! b)3x107 57!

(¢)3x 10" 571 (@3x10° st .
[Ans. (d)]

[Hint: Vo= 1

Py
v=c§=§ =3x108 x10=3x10° s™']

2. The energy of a photon of radiation havmg wavelength
300 nm is:
(2)6.63x 107 )
(c)6.63%x 1072 ]
[Ans. (b))

() 6.63x107°J
@6.63x1077 T

ke 6.626 x 107 x 3 x 10°
) 300x 107

3. The maximum kinetic energy of the photoelectrons is found
to be 6.63x 107" J, when the metal is irradiated with a
radiation of frequency 2 x 10° Hz. The threshold frequency
of the metal is about:

[Hint: =6.63x107 J]

(@ 1x 10 ¢! (b)2x 10" 57
(©)3x10% s (d)15x 105 §7!
[Ans. (a)] |
[Hint: KE=h(v —vy)
vy=v-KE
0 P
--19
=2x10" —%:»u 107 sf‘]

4. The number of photons of light having wavelength 100 nm
which can provide 1 J energy is nearly:

(a) 107 photons ®S5 x 10" photons
©) 5% 107 photons (d)5x 107 photons
[Ans. (c)]
[Hint: g=1he
A
_EA_ 1x100x107°

=5x10"
he  6626x107 x3x10° ]
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5. The atomic transition gives rise to the radiation of frequency
(10* MHz). The change in energy per mole of atoms taking
place would be: .
(@)399x10°¢]
(€)662x 107 J

(b)3.99)
(d) 662x 10707

[Ans, (b)] -

[Hint: E=Nhv . .
= 6023 x 107 x 6626 x 1074 x 10* x 10°
=3991]

11, BOHR'S ATOMIC MODEL

To overcome the objections of Rutherford’s model and to explain
the hydrogen spectrum, Bohr proposed a quantum mechanical
model of the atom. This model was based on the quantum theory
of radiation and the classical laws of physics. The important
postulates on which Bohr’s model is based are the following:

(i) The atom has a nucléus where all the protons and neutrons
are present. The size of the nuclens is very small. It is present at
the centre of the atom.

(ii) Negatively charged electrons are revolving around the
nucleus in the same way as the planets are revolving around the
sun. The path of the electron is circular. The force of attraction
between the nucleus and the electron is equal to centrifugal force

-of the moving electron.

Force of aft_raction towards nucleus = centrifugal force

(iii) Out of infinite number of possible circular orbits around
the nucleus, the electron can revolve only on those orbits whose

. L . h
angular momentum* is an integral multiple of o ie,
/i1

h .
mvr=n5— where m=mass of the electron, v = velocity of
i3 , .

electron, r=radius of the orbit and n = l, 2,3,... numbser of the

orbit. The angular momentum can have values such as,
-h— . Zh-— , 21— ,etc., but it cannot have a fractional value. Thus, the
2 2;m 2n - \ ~ A .

angular momentum is quantized. The specified or circular orbits
{quantized) are called stationary orbits,

(iv) By the time, the electron remains in any one of the |

stationary orbits, it does not lose energy. Such a state is called
ground or normal state. _ A
In the ground state, potential energy of electron will be
minimum, hence it will be the most stable state. .
~(v) Each stationary orbit is associated with a definite amount
of energy. The greater is the distance of the orbit from the
nucleus, more shall be the energy associated with it These orbits
are also called energy levels and are numbered as 1,2, 3,4, .. . or
K L,MN, ... fromnucleus outwards. - Co

i.e., E! <-E2 <E3 <E4 Ve .
(Ey = E))>(Ey —Ey)>(By — E3)... .

(vi) The emission or absorption of energy in the form of
radiation can only occur when an electron jumps from one
stationary orbit to another.

AE = Eh!gh - ElOW v= h\?

Energy is absorbed when the electron jumps from inner to outer
orbit and is emitted when it moves Trom outer to an inner orbit.

Energy radiated
when electrons
fall back
{Energy emitted)

When the electron moves from inner to outer orbit by
absorbing definite amount of energy, the new state of the electron
is said to be excited state (Fig. 2.10).

Using the above postulates, Bohr calculated the radii of
various stationary orbits, the energy associated with each orbit
and explained the spectrum of hydrogen atom.

Radii of various orbits: Consider an electron of mass ‘m’
and charge ‘¢ revolving around the nucleus of charge Ze
{Z = atomic number). Let ‘7" be the tangential velocity of the
revolving electron and ‘¥ the radius of the orbit (Fig. 2.11). The
electrostatic force of attraction between the nucleus and electron
- kZex e kZe’

(applying Coulomb’s law) =

'1‘2' r2

Coulombic
force

Fig. 2.1

*Angular momentum = Jo, where, I/~ moment of inertia and © = angular velocity;

[ . : . IS . : v
®=~ , where, v = linear velocity and = radius; and I = mr*. So angular momentum = mr?® - ~ = mor.
r ) -

r
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where, & is a constant. It is équal to

L , €y being absolute
4ne,

permittivity of medium. In SI‘ units, the numerical value of

4me,,
is equal to 9x 10° Nm? / C2.
[Note: In CGS units, value of & is equal to 1.]
_ As force of attraction = centrifugal force
kZe2 mz}z 2 kZez
So, —= or vf=-2
4 r rm
2
pt= L 2 )
4ne, rm
According to one of the postulates,
Angular momentum = mor = n —zf'—
/)
or L op=th .. (i)
2nmr
Puttmg the value of ‘v’ in eq. (i), sy
n’p? kZe or n*h _ Kz
An’m?y 2 mr an’mr
nip? ;
or rs—— .. (i)
47? mee

Greater is the value of ‘#’, larger is the size of atom. On the
other hand, greater is the value of ¢ Z’, smaller is the size of the
atom. Across a period from left to right, atomic number ‘2’
increases with constant value of ‘»’ hence atomic radius
decreases towards right. On moving down the group, both ‘ Z” and

r’ increase but due to shielding, Z* (effective nuclear charge)
remains same. Hence, on movmg downwards, atomic radius
increases due to increase in © .
For hydrogen atom, Z=1;s0r = nh

4n? mke*

Now putting the values of #,%, m, eand £,

_ wn2 X (6.625x 107#)?
4% (3.14)* x (9.1x 107 ) x (1.6x 1077)? x (9% 10%)
= 0.520% n? x 1070 m=0529% n? A
=0.529% 107 x n? cm
where k= 6.625x 10™* J-sec, n = 3.14

m=9.1x10"" kg, e=1.6x 10™'* coulomb
k=9x%10° Nm?/C?

Thus, radius of 1st orbit
=0.529% 1078 x 12 = 0.529x 10® cm=0.529x 107" m
Radius of 2nd orbit
=0.529x 108 x 22 =2.11x 10 em=2.11x10"" m
Radius of 3rd orbit

—0.520% 10 x 32 = 4.76x 10 cm=4.76% 10" m

and so on. .
r, = xn* for hydrogen atom

. 2 R .
and - =0.529x % A (for hydrogen like species)

79

Enefgy of an electron: Let the total energj’ of the électron
be E. It is the sum of kinetic energy and potential energy.
E = kinetic energy + potential energy

1, kZe?
=—mu° -

r
Pumng the value of mv? from eq. (1),
pokze’ _kze’ | kze’

2r r
Putting the value of r from eq. (iii),
po_kze an’mize’ | m?Z’k’me’ W)
) 8 niht n*h? W
For hydrogen atom, Z = 1
m2kime*
SO, E= '2—’12

Putting the values of T, k, m, eand h,
2% (3.14)? x (9% 10° 12 x (9.1x 1073! )x (1.6 x 10"9)

E=-
n? x (6.625x 107342

21.79x 107"

:-—2—Jperatom
H

Ry : 1n-18 1
=-—H (where, Ry; =2.18x 107"% J).

n R

=- @ eV per atom (17=62419%10' eV)
n " .

IS 6kca1/m 1 (1 eV = 23.06 kcal/mol)
n
Lo - % ki/mo 1
n
2
Kinetic energy in n th shell = E&Z—Z eV
n
_ 2
Potential energy in n th shell = m—jz eV
C n

Substituting the values of n=1,2, 3,4,..., etc., the energy of
electron in various energy shells in hydrogen atom can be
calculated.

Energy sllell E (Joule per atnm) E (eV per atom) E (kenl Imol)

I =21.79x 107" 113.6 - 3136
2 - 544 x107° 34 ~78.4
3 -242x1077 -1.51 -34.84
4 -1.36x107° -085 ~19.6
o0 0 0 , o
E; »
E, = — (for hydrogen atom)
n .
‘ 22 | ,
and E, =E; x — (for hydrogen like species)
' n

where, E | = energy of hydrogen first orbit.
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Since, n can have only integral values, it follows that total
energy of the electron is quantised. The negative sign indicates
that the electron is under attraction towards nucleus, i.e., it is
bound to the nucleus. The electron has minimum energy in the
first orbit and its energy increases as » increases, . e., it becomes
less negative. The electron can have a maximum energy value of
zero when s = oo, The zero energy means that the electron is no
longer bound to the nucleus, i.e.,itis not under attraction towards
nucleus.

For hydrogen like species such as He*
E, =7 2xE , for hydrogen atom. _
Velocity of an electren:  We know that,

Centrifugal force on electron
= force of attraction between nucleus and electron

2 2
m_ . 5“;— (in CGS units) ()
r ¥
The angular momentum of an electron is given as:
mor=nh/2n ... (ii)

From eqs. (i) and (ii), we have

v=2x2.188% 10° cm/ sec . (i)
" v

8 .
= 2188107 cm/sec  (For hydrogen, Z=1)

-on
v, =2.188x 10® cm/sec

v, =-:15>< 2.188x 10% cm/sec

vy =-.-31 x 2188 10° cm/sec

Here, v,,v, and v, are the velocities of electron in first,
second and third Bohr orbits in hydrogen. .
From equation (iii),
v v
-2 ad  B-landsoon
v, 1 v 3 ‘

Orbital frequency: Number of revolutions ‘pef~second by

an electron in a shell is called orbital frequencv it may be

calculated as,
Number of revolutions per second by an electron in a shell
Velocity v __E { 2 ]

Clrcumference 2nr RN
7 15
="_X6.66%x 10

n3

where, E| = Energy of first shell.
Time period of revolution of electron in nth thit T,):

3 . N
2nr = ﬁ—z- x1.5x 107 sec
7 ’ :

n

T, =

n

22+
,Li*T, etc.,:

Interpretation of hydrogen spectrum: The only electron
in the hydrogen atom resides under ordinary conditions on the
first orbit. When energy is supplied, the electron moves to higher
energy shells depending on the amount of energy absorbed.
When this electron returns to any of the lower energy shells, it
emits energy. Lyman series is formed when the electron returns to
the lowest energy state while Balmer series is formed when the
electron returns to second energy shell. Similarly, Paschen,
Brackett and Pfund series are formed when electron returns to the
third, fourth and fifth energy shells from higher energy shells
respectively (Fig. 2.12).

P
O
N N
Paschen
M series
L
. K .
Balmer : Brackett
series series
Pfund
series

Lyman series
Fig. 2.12

Max1mum number of lines produced when an electron jumps

from # th level to ground level is equal to Lz—l—) For example,

in the case of n = 4, number of lines produced is 6. (4 — 3,4 — 2,
4—13-2,3-12-1) When an electron returns from #n, .to
n, state, the number of lines in the spectrum will be equal to.
(n, —n¥ny,—n +1)
2

If the electron comes back from energy level having energy £,
to energy level having energy E,, then the difference may be
expressed in terms of energy of photon as:

E,~E =AE=hv
or the frequency of the emitted radiation is given by
AE
V=
h

Since, AE can have only definite values depending on the
definite energies of £, and E, , vwill have only fixed values in an
atom,

or V=

AE
h

>~ >l

or A=—L
AE
Since, #and ¢ are constants, AE corresponds to definite
energy; thus, each transition from one energy level to another will
produce a light of definite wavelength. This is actually observed
as a line in the spectrum of hydrogen atom. 4
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Thus, the differcnt spectral lines in the spectra of ‘atoms
correspond 1o ditferent transinons of electrons from higher
energy levels to lower energy levels.

Derivation of Rydberg Equation

Let an excited electron from 7, sheli come to the r, shell with the
release of radiant energy. The wave number V of the corres-
ponding spectral line may be calculated in the following manner:

mimzre* mimz%et
AE=E, ~E =(-) T2 - () T 22
. ) nz k . ﬂl k
he _oPmZ’* (1 1
A h? nlz A ng

whgre, AE = hv= %

2m?met
ch®

'where "R=

= Rydberg constant = 109743 cm™

This value of R is in agreement “with - expenmentally :

determined value 109677.76 cm"’.

Rydberg equation for
hydrogen may be glven as, : ‘

Modification of Rydberg Equation
Actording to the Rydberg equation:

wave number ch 3

It can be considered that the electron and the nucleus revolve

around their common centre of mass. Therefore, instead of the.

mass of the electron, the reduced mass of the system was
introduced and the egquation ‘becomes:

_ :mzuzzeT . 1}

Redﬁce‘d mass W' can be calculated as,

1 1 l
E m M
where, m = mass of electron
and . M = mass of nucleus
_ mM
= m+M

(1) First line of a series:
wavelength’ or ‘line of shortest energy’.
For frst line, .
ny, ={n +1)

It is called ‘line of longest

}81

g = b _pll__ 1.
" N ni o (ny 1Y
iy

Similarly for second, third and fourth lines,
ny, =n +2;n, =n +3and n, =n, + 4respectively
. Rydberg equation may be written as,

yelogpfl 1
A ' nf . (n +x)

where, x = number of line in the spectrum.

eg.,x=123,4,. for ﬁrst second, third and fouﬂh lines in the
spectrum respectwely
- (i) Series limit or last line of a series :

It is the line of
shortest wavelength or line of highest energy. : '

. For last line, Hy = 00
o _.1 _R
last = X7 T Ty .

Kiase 0t

_ Lyman limit = —%, Balmer limit = »‘E’-

R4 ’ . 2..

Paschen limit =f£7 ; " Brackett limit = ~

-3 4

Pfund limit = Humphrey llmlt = é—i
(iii) Intensities of spectm! lines: The intensities of spectra.l
lines in a particular series decrease with increase in the value of
ns, i.e., higher state. ‘
eg., .
"Lyman series (2—1)>(3 - D> (4 ->1)>(5—~>1)

(my —my)

Balmer series (3 > 2)> (4 —2)> (5—«)2):» (6—-—9 2Y°©

(my —m) >

Deareasing intensity of the spectral lines

Ionization Energy and Excitation Energy

s s E m E EN
Excitation potential for n; —.n, = ——F———
g Electronic charge
. - . EU;
lonization potential for n;, s o= —— M8 —u
- Electronic charge

. The energy required to remove an electron from the ground
state to form cation, 7. e. , to take the electron to infinity, is called
ionization energy,

IE E ground
IE=0- E,(H)—lsaeVamm .
-—~_2.1’!><10'°“3 Jatom™ .

' 2
IE=Z—2 x13.6eV

. H
2
L _Z" n
12 n12 22
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_(B), x2°

IB), :

o n :

If an electron is already present in the excited state, then the
energy required to remove that electron is called separation
energy.

E =E, - Eexcited

The following points support Bohr theory:

(i) The frequencies of the speciral lines calculated from
Bohr equation are in close agreement with the
frequencies observed expenme:ntally in hydrogen
spectrum.

(ii) The value of Rydberg constant for hydrogen calculated
from Bohr equation tallies with that determined
experimentally.

(iii) The emission and absorption spectra of hydrogen like
species such as He®, Li** and Be** can be explained
with the help of Bohr theory.

Limitations of Bohr Theory

(i) Tt does not explain the spectra of multi-electron atoms.
(ii) When a high resolving power spectroscopé is used, it is
observed that a spectral line in the hydrogen spectrum is
not a simple line but a collection of several lines which
are very close to one another. This is known as fine
spectrum. Bohr theory does not explain the fine spectra
of even the hydrogen atom.
(1) It does not explain the splitting of spectral lines into a
group of finer lines under the influence of magnetic field
~ {(Zeeman effect) and electric field (Stark effect).
(iv) Bohr theory is not in agreement with Helsenberg s
uncertamty principle. '

separation.

ey

i3 SOMMERFELD’S EXTENS]ON OF
BOHR THEORY —

To account for the fine spectrum of hydrogen atom, Sommerfeld,
in 1915, proposed that the moving electron. might describe
elliptical orbits in addition to circular orbits and the nucleus is
situated at one of the foci. During motion on a circle, only the
angle of revolution changes while the distance from the nucleus
remains the same but in elliptical motion both the angles of
revolution and the distance of the electron from the nucleus
change. The distance from the nucleus is termed as Tadius vector
and the angle of revolution is known as azimuthal angle. The
tangential velocity of the electron at a particular instant can be
resolved into two components one along the radius vector called
\ ‘ Radial velocity

M
velocity Major axis

Minor axis

{a) ‘ {b)
Fig. 2.13

-V (Tangential velocity)

radial velocity and the other perpendicular to the radius vector
called transverse or angular velocity. These two velocities give
rise to radial momentum and angular or azimuthal momentum.
Sommerfeld proposed that both the momenta must be mtegral

multiples of i [Fig 2.13 (b)].
Radial momentum = n, L3
2n

Azimuthal momentum= » o

n
n, and n, are related to the main orbit ‘»’ as
n=n, +tny :
n T +tM  Length of major axis

or —
g g

() *ny’ cannot be zero because under this condition, the
ellipse shall take the shape of a straight line.

(i1) ‘n,’ cannot be more than ‘ #’ because minor axis is always
smaller than major axis.

(iii) “ny’ can be equal to ‘ . Under this condition, the major
axis becomes equal to minor axis and the ellipse takes the shape
of a circle. Thus, n, can have all mtegral values up to ‘r’ but not
zero. When the values are less than ‘»’, orbits are elhptlcal and
when. it becomes equal to “»’, the orbit is circular in nature.

For n=1,n, can have only one value, i.e., 1. Therefore, the
first orbit is circular-in nature,

For n=2,n, can have two values | and 2, i.e., the second .
orbit has two sub-orbits, one is elliptical and the other is circular
in nature. ,

For n =3, n, can have three values 1, 2 and 3, i. e., third orbit
has three sub-orbits, two are elliptical and one is circular in
nature,

For n=4,n, can have four values 1, 2, 3 and 4, i.e., fourth
orbit has four sub-orbits, three are elliptical and fourth one is
circular in nature (Fig. 2.14).

Length of minor axis

Sommerfeld thus introduced the concept of subenergy shells.
In a main energy shell, the energies of subshells differ slightly
from one another. Hence, the jumping of an electron from one
energy shell to another energy shell will involve slightly different
amount of energy as it will depend on subshell also. This explains
to some extent the fine spectrum.of hydrogen atom. However,
Sommerfeld extension fails to explain the spectra of
multielectron atoms. -
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Example 18. Calculate the wavelength and energy of
radiation emitted for the electronic transition from infinite to
stationary state of hydrogen atom. (Given, R =1.09678

X107 m ™! b= 6.6256x 10~ J-s and ¢ = 29979 10® mis™
Solution: 1_g % _*‘_12 ,
A | n?  nl
1y :Iagd'nz == oo
1 1 1
1 _pldl_ R
A _12 (00)2 ;
1 1
o ' *‘“————7—~911x10 m
R 1.09678x 10
We know that,
. 5
E=hv=h-£=66256x107% x 22219107
A 9.11x 10

...217><10“18 hj

Example 19. Calculate the veloczzy (cm fsec) of an
electron placed in the third orbit of the hydrogen atom. Also
calculate the number of revolutions per second that this electron
matkes around the nucleus.
Seolution: Radius of 3rd orbit
=32 x0.529% 107 =4.761x 107 cm

We know that

nh nh
mor=— ©Oof V=
2m 2nmy

_ 3% 6624 x 107
2% 314 x (9108 x 1072 ) x (4.761x 107%)
=0729% 10® cm/sec

Time taken for one revolution = ——
. v

Number of revolutions per second
i

==
2 o

v

ﬁ

g 0.729x10%
2x3.14x 4.761x 1078
=2.4x 10" revolutions/sec

Example 20. The electron energy in hydrogen atom is

2 12

given by E = i?x_zl()_ erg. Calculate the energy required to
, n )

remove an electron completely from n'=2 orbit. What is the

longest wavelength (in cm) of light that be used to cause this

transition?

21.7%1072
e

2

Solution: 'E =-
. n

Electron energy in the 2nd orbit, i.e.,n =2,

; 2. ' .
B, =- wzm— erg'=—5.425x107"2 erg
: 2

and E,=0 - ~ -
AE = Change in energy = E. E2~5425x10 12 g

Thus energy required to remove an electron from 2nd orblt
; =5.425% 10717 erg :
According to quantum equation,

AE=h-£
A

or - }\‘:_ilc_
AE

(h=6.625% 1077 erg-sec;c=3x 10 cm/ sec)
and AE =5425%x107" erg
5 (6:625x 10727 yx (3% 10'%)
5.425x 10712
=3.7x107°

Thus, the longest wavelength of light ‘that can cause thlS
transition is 3.7 x 107

So,

Example 21. Calculate the shortest and
wavelengths in hydrogen spectrum of Lyman series.

Or

Calculate the wavelengths of the first line and the series limit
Jor the Lyman series for hydrogen. (Ry; =109678 em™)

Solution:

longest

For Lyman series, n; = 1.

For shortest wavelength in Lyman series (i. e. , series limit), the
energy difference in two states showing transition should be
maximum, Le., 1, = oo,

1 1 1
SO, | -)—\‘:RH [F“lezRH
= ! '=9.il7><10'6 cm
109678 '
=911.7A

For longest Wavelength in Lyman series (i.e., first lane), the
energy difference m two states showing trans:&qg should be
minimum, i.e.,n, = %

Lo 1 3
So, . —=Ry|——-—|==~R
T

12 22 4
or A 4 12157%10% em
37 Ry 3x109678 - :
=1215.7A

. .Example 22. Show that the Balmer series occurs between
3647 4 and 6563 4. (R =1.0968% 10" m™

Solution: For Balmer series,
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where, n=3,4,5,... e

To obtain the limits for Balmer series n=3 and n=co

respectively.
, 1 36
;“max n=3h=——-—=—
1 1 5R
Rl
o 36
::__-——-————.——-7—m
5% 1.0968x 10’
=6563A
I 4
A’min (n:oo):-—-—-——————-—:—
)
Rl ——_.
4.
et 5 m
1.0968 x 10
=3647A .

.. Example23. Light of wavelength 12818 4 is emitted when
the electron of a hydrogen atom drops from 5th to 3rd orbit. Find
the wavelength of the photon emitted when the electron falls from
3rd to 2nd orblt

Solution: We know that,.

When, n, =3 and n, = 5,

1 :R\:l_i]: 16R
12818 9 25| 9x25

or 12818 = 2% 23 (@)
. - 16xR
When, n, =2and n, =3,
EESTIE R
A L4 9] 36
36 ' .
T e PP § 1
= | (i)

Dividing eqn. (ii) by eqn. (i),
- A _ 36 16R _ 64

12818 SR 9><25 125

A= 64 x 12818 = 6562.8 A
125 :

" “Example24. The ionisation energy of hydrogen atom is
13.6eV. What will be the ionisafion energy of He* and Li** jons?

Solution: Iomsation energy = — (energy of the1st orbit)

Energy of the st orbit of hydrogen = ~13.6 eV
Energy of thelst orbit of He*=~13.6x Z* (Z for He* = 2)
- =-13.6x4eV=-544¢V
So, Ionisation energy of He® = —(-544) =544¢V
- Energy of 1st orbit of Li** =-13.6x9 @ for ng; =3)
: =-1224¢eV o

Tonisation energy of Li** = —(~122.4) = 1224 eV

G.R.B. PHyYsICAL CHEMISTRY FOR COMPETITIONS

~<*~?mexample 25.;. If the energy’ dzﬁ"erence between “two

of tke lzghz emttted whetz the electrons drop from }:whe: to lower
states? (Nh=952x 107" kcal sec mol™", uhew N is the

Avogadro s number and h is the Planck's constant)

AE = 46.12 kcal mol ™
According to Bohr theory, AE = Nhv
AFE 46.12

or VE— =
Nb 952x107!

Solution:

=484 x10" cycle sec™

Example 26. According to Bohr themm'y, the electronic
energy of the hydrogen atom in the nth Bohr orbit is given by ’

: -19
E, =_.21.76)(210 J
‘n
Calculate the longest wavelength of light that wzll be needed
to remove an electron from the 3rd orbit of the He*

(IIT 199(})
Solution: The electronic energy of He™ ion in the nth Bohr
orbit
-9 .
__21.76x 10 “ 727
nZ
* where, Z=2
Thus, energy of He" in the 3rd Bohr orbit
~19
__2176x10 4]
9
AE=E, ~ 15’3
_o| 2176 10“9 4
‘9
_21.76x107° x 4
9

' _34 g
We know that, }\:izf_: 6.625x107" x3x10° x9
21.76 x 107" x 4

=2.055%x107 m

Example 27. Calculate the ratio of the velocity of light
and the velocity of electron in the first orbit of a hydrogen
atom. (Given, h=6.624x107% erg-sec; m= 9.108x 107 g,

r=0.529%10"% em)

Selution: v=

2nmr’

~ 6.624x 1077
T 2x3.14%9.108x 1072 x 0.529x 1078
=72.189x 10® cm/ sec

¢ 3x10"

v 2.189%x10°
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- Example 28. The wavelength of a certain line m Balmer
series’is observed to be 4341 A. To what value of * n ' does thzs
correspond? (R, = 109678 cm™ )

Solution: %: H [212 _.]5,]
111
FWE"XXRH
1 1
T4 BaIx 107 x109678
=0.04
n? =—-—l~'-,—=25
0.04
or . n=35

Example 29. Estimate the difference in energy between
the first and second Bohr orbit for hydrogen atom. At what
minimum atomic number would a transition from n=2t n=1
energy level result in the emission of X-rays with
A =3.0x10"% m ? Which hydrogen-like spectes does this atomic

number correspond to? (11T 1993),

Mi‘zhv=B
A

[
ny hny

: 1 1
AEzR'h'C{T”‘—{:l

Solution:

and

> =

Ry N5
3
AE=h-c-=R
4
_6.625x 10'34 X 3>< 10® x 1.09678 x 107 X3
4

= 1.6'35 x 10"8_ J
For hydrogen-like species,

el L-L
ni o

AE =Z* Rh

224 1.00678x 107 x [ _‘}
3.0x 1078 . 2
AR 4 =4
3% 1078 x 1.09678 x 107 x 3
or Z=2

The species is He™.
....Example 30. What transition in the hydrogen Spectrum
have the same wavelength as Balmer transitionn=4ton=2 of
“He™ spectrum? (11T 1993)

Solution: For He* ion,
]

1 1
L=7?Rl
A }

a1 1] 3R
=(2) R[_z_—z]"T
For hydrogen atom, ‘ .
1 11
> Lf n%}
So, R R L __1’,
, TR P
or - ....l... —_ _1 = E ’ ’
nt ny 4
Le., ‘ nf-l and n, =2
- Example 31. Calculate the energy emitted when electrons

of 1.0 g atom of hydrogen undergo transition giving the spectral
line of lowest energy in the visible region of its atomic spectrum.
Ry =11x10" m™ 1 e=3x108 ms™ s h=6.62%x107* Js) -
(1T 1993)
Solution: The transmon occurs like Balmer series as
spectral line is observed in visible region.

Thus, the line of lowest energy will be observed when
transition occurs from 3rd orbit to 2nd orbit, ie., m1 =2 and
n, =3 :

E=hv=h-S=662x10% x3x10° x = x 1.1x 107
A : 36
=3.03% 107" J per atom
Energy corresponding to 1.0 g atom of hydrogen
=3.03x 107" x Avogadro’ s number '
=3.03%x107 x 6023x 102 J
=18.25x10*J

~Example 32. How many times does the electron go around
the f rst Bohr s orbit of hydrogen in one second?

Solution: Numiber of revolutions per second = Ev_ ()]
: o .
2.188x 10
= et O SEC
d
8 L
M—Z 188){10Ill ém/sec -
112
= x0.529A
VA
12

= T % 0.529% 107% cm
=0.529% 108 cm

2.188x 10

~.Number of revolutions per sec = 5
2x3.14x0.529x 107

. =6.59x 10"




@ Example 33. Calculate the wavelength of radiations
emitted, produced in a line in Lyman series, when an electron
falls from fourth statzonarv state in izydmgen atom.
Ry =1. 1107 m™y

Solution: ‘i= {—}——-—I-J )

7( 1 11
= 1. 1><10 (F—z{
=969.6x 10~ 10 metre

A=969.6A
- Example 34. - What is t}ze degeneracy of the level of the

(UIT 1995)

" hydrogen atom that has the energy [~ R;H—] ?

9

'Solution: E, = ——l?ﬁm =—5~H—

. . o ,”2; 9
“n=3

Thus I=0and m = 0 (one 3s-orbital)
I=1 and m=—1,0,+1(three 3 p-orbitals) :
1=2 and m=~2,-1,0,+1,+2(five 3d-orbitals)
Thus, degeneracy is nine (1+ 3+ 5= 9 states).

""Example 35. Calculate the angular frequency of an
electron occupying the second Bohr orbit of He" ion

: 2
Solution:  Velocity of electron (v) = ZnZ;le )]
« . : n
Wt
Radius of He* ion in an orbit (r, )= —— - (i)
‘ dnmie ‘
Angular frequency or angular velocity (o) -
v 2nZe’  AntmZe®  8mimZle*
T e T *% =
3 n h 2 #2h 2 3 nh 3

Given, n=2,m= 2Ux107% g Z=2,e= 48x10"°
h=.6.626 X 107 erg-sec

8xL272} x 22 x 9.1x 10‘28 5<(4.8x 10710 y*

o=

X x(6 626x10‘” X
=2.067x10' se

6. If _thé speed of electron in first Bohr orbit of hydrogen be ‘x’
- then speed of the electron in second orbit of He™ is:

(@)x/2 (b) 2x {c)yx (d) 4x
[Ams. (c)] : .
[Hint: v,,:_v—‘>-<—z =x§2=x]
7. If first ionisation energy of hydrogen is £, then the ionisation
energy of He* would be:
(a)E (b) 2E (c) 05E (d)4E
[Ans. (d)] '

G.R.B.  PHYSICAL CHEMISTRY FOR COMPETITIONS

[Hint: ~ 7,(He* y=Z I (H) ‘

‘ =22 xE=4E]

8. The number of spectral lines that are possible when electrons
in 7th shell in different hydrogen atoms return to the 2nd

shell is:
(a) 12 by 1s (c) 14 (dy 10
«fAns.  (b)] .
[Hint: Number of spectral lines = (m = n,)(;;z il .1)
T-n0-2+1 15]- "
. 2
9. The ratio of radii of first orbits of H, He* and Li%* is
(a)1:2:3 (by6:3:2 (c)1:4:9 (d)y9:4:1
[Ans. (b)] : ’
[Hint: r= %— x 0.529 A
T Ty S
1: —1- : l
) 2 3
‘ ‘ 6:3:2]
10. The energy of second orbit of hydrogen is equal to the energy
.oft
(a) fourth orbit of He* (b) fourth orbit of Li**
(¢) second orbit of He* (d) second orbit of Li** -
[Ans. {(a)]
Z 2
[Hint: E=——2—x13.6eV )
) n
B =Bl
) 4
2
E=-%5x136eV
n
2
Be_ 22
4 n
Z‘ 2
(Z =la= 2)]

H
11.  What is the energy in eV reqmred to excite the electron from
# = 1to n = 2state in hydrogen atom? (# = principat quantum

number) ICET (J&K) 2006]
(a) 13.6 (b) 3.4 @17 (102 “
[Ans, (d)] : ’

Mint:  AE=E, -,

(136 { 136)
)
1 3
=136 1-— 1=—x13.6=10.2eV]
4 4

12.  Anelectron in an atom undergoes transition in such a way that

its kinetic energy changes from x to -z— , the change in

potential energy will be :
@+2x  (->x  ©+2x  @-x
2 VTR 4 4

[Ans. (a)]



ATOMIC STRUCTURE : , 87

[Hiint : PE=— 2KE

" .. PE will change from - 2xto —%

. PARTICLE AND WAVE NATURE OF
ELECTRON

In 1924, de Broglie proposed that an electron, like light, behaves

both as a material particle and as a wave. This proposal gave birth

to a new theory known as wave mechanical theory of matter.

According to this theory, the electrons, protons and even atoms,"

when in motion, possess wave properties.

de Broglie derived an expression for calculating the
wavelength of the wave associated with the electron.
Accordinig-to Planck’ s equation,

Ezhv=h< .
2y Y

The energy of a photon on the basls of Exnstem S Mass- energy
relationship is )
E =mc?
where, ¢ is the velocity of the electron.

Equating both the equations, we get

N

L =me?

s
L
me p

Momentum of the moving electron is inversely proportional to
its wavelength.

Let kinetic energy of the particle of mass ‘m’is E.

E=1mp?
2
2FEm = m*o?
v2Em = mv = p(momentum)
p
b
P J2Em

Davisson and Germer made the following modification in de
Broglie equation: )

Let a charged particle, say an electron be accelerated with a
potential of V; then ihe kinetic energy may be given as:

-1 mv* =eV
2
m*v? = 2eVm
mo =+ 2eVm =

=t
2eVm

A=

for charged particles of charge ¢
N2qVm

de Broglie waves are not radiated into space, i.e., they are
always associated with electron. The wavelength decreases if the

value of mass (m) increases, i.e., in the case of heavier particles,
the wavelength is too small to be measured. de Broglie equation
is applicable in the case of smaller particles like electron and has
no significance for larger particles.

(A) de Broglie wavelength associated with charged
particles

(i) For electron:

12.27
A= W A
(ii) For proton: ,
' %= ‘0.286 A
V
(iii) For a-particles:
A= 9-1_01 A

where, V = accelérating potential i_)f tyﬁe;g::«parﬁcles.»

(B) de Broglie wavelength associated wnh
uncharged particles

(i) For neutrons:

_ h _ 662x107*
V2Em  \[2x1.67x107% x E
__0286 ¢

JE (eV)
(i) For gas moleéules:

A=

MXV
h

ImkT

where, k = Boltzmann constant :
Bohr theory versus de Broghe equatlon. One~ of the -:
postulates of Bohr theory is that angular momentum of an electron

i8 an integral multiple of 5}}— This postulate can be derived with the
, - , .

help of de Broglie concept of wave nature of electron.

Consider an electron moving in a circular orbit around
nucleus. The wave train would be associated with the circular
orbit as shown in Fig. 2.15. If the two ends of an electron wave
meet to give a regular series of crests and troughs, the electron
wave is said to be in phase, i. e., the circumference of Bohr orbit is

. equal to whole number multiple of the wavelength of the electron

wave.

Fig. 2.15
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So, 2= nh
or - oD
. n .
From de Broglie equation,
= B (i
Thus, —}L‘_ Z’E
my n
or mor=n- —2%— (v = velocity of electron
N o
and r = radii of the orbit)
ie, #Angular momentum =7 - L ... (1)
2n

This proves thut the de Broglie and Bohr concepts are in
perfect agreement with each other.

~

_HEISENBERG UNCERTAlNTY
PRINCIPLE

Bohr theory considérs an électron asa material -particle. Its
"position and momentum can be determined with accuracy. But,
when an electron is considered in the form of wave as suggested
by de Broglie, it is not possible to ascertain simultaneously the
exact position and velocity of the electron more precisely at a
given instant since the wave is extending throughout a region of
space. To locate the electron, radiation with extremely short
wavelength 15 requiu,d Radiation that has short wavelength 1s
- vety energetic in nature. Whea it strikes the electron; the impact
- causes a change in the velocity of the electron. Thus, the attempt
to locate the electron’changes ultimately the momentum of the
" ‘electron. Photons with longer wavelengths are less energetic and
cause less effect on the momentum of the electron. Because of
larger wavelength, such photons are not able to locate the
position of an electron precisely.

In 1927, Werner Heisenberg presented a prmcnple known as

Helsenberg uncertainty’ principle which states: “It is

impossible to measure simultaneously the exact position and
exact momentum of a body as small as an electron.”

The uncertainty of measurement of position, Ax and the

uncertainty of momentum, Ap or Am'o are related by Heisenberg’s
;elat;onshlp as:

. ApAka/ém
or . Ax-Amv 2 h/4n

where h is Planck’s constant.

For an electton of mass m (9.10x 1072 ) the product of

uncertainty is quite large.
. « 27
Are Ao > 6.626x 10
4mm
6.626x 107

4% 3.14x9,10x107%
= 0.57 erg- sec per gram approximately
Ax- Av = uncertainty product
‘When Ax = 0, Av = o and vice-versa. -

o
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In the case of bigger particles (having considerable mass), the
value of uncertainty product is negligible. If the position is
known quite accurately, i.e., Ax is very small, Av becomes large
and vice-versa. Thus, uncertamty principle is important only in’
the case of smaller moving particles like electrons.

For other canonical conjugates of motion, thé equation for
Heisenberg uncertainty principle may be given as:

momentum mass X velocnty
- velocity

S time
= force X time o

momentum x distance = force X distance x tlme L
=‘energy X time

¢ = mass X xtme

Ap Ax = AE At
AE At = -;— (for energy and time)
71:
Similarly, APAB 2 T (for angular motion)
n .

On the basis of this principle, therefore, Bohir picture of an
electron in an atom, which gives a fixed position in a fixed orbit
and definite velocity to an electron, is no longer tenable. The best
we can think of in terms of probability of locating an electron
with a probable velocity in a given region of space at a given
time. The space or a three dimensional region round the nucleus
where there is maximum probability of fi inding an electron of a
specific energy is called an atomic orbital.

{1258 LSOME SOLVED EXAMPLES) 885711
Example 36. Calculate the wavelength associated with an
electron moving with a velocity of 1 0" em per sec.
Solution: Mass of the ¢lectron =9.10x 107 ¢
Velocity of electron = 10" cm per sec
h=6.62x10"" erg-sec

According to de Broglie equation,
— k 6.62x 107

T 9.10x 107 x 107
=7.72% 10"m cm
=0.0772A

Example 37. Calculate the uncertainty in the posztmn of a
particle when the uncertamty in momentum is: .
(@) 1x107% g emsec™ (b) zero.

Solution: (a) Given,
AP = 1>< 1073 gcmsec
h=6.62x10"7 erg-sec’

n=3142 o
According to uncertainty principle,
Ax-Ap =z —
A 4n :
227
So, Axz h 662><10 y 1
; 4n Ap 4><3142 1073
=0.527 % 10‘24

(b) When the value of Ap= 0 the value of Axw1ll be infinity.
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Example 38. . Calculate the. momentum of a partlcle which.
has a de Broglie wavelength of2.5%107"°

(h=6.6x10 kg m* s7")

Solution: Momeéntuim = % (ué_ing de Broglie equation)
_6.6x107
25%107 - .
=2.64x107% kg msec™
Example 39. What is the mass of a photon of sodium light

with a wavelength of 5890'4?
(h=6.63x1077 erg-sec,c=3X 10'° cm/ sec)

h
Solution: =—
. mc
/ h
or P g—
Ac
s 10=27
So, 6.63x10

5890 107 x 3% 10'°
, T=3752%107 g

.. [Example 40.  The uncertainty in position and velocity of a
particle are 107 m and 527x107% ms™ respectively.
Calculate the mass of the particle. (h = 6.625x% 10_34 J-s)
According to Heisenberg’s uncertainty principle,

Ax-mAv=i
4
h

A Ax-Av
_ 6.625x 107
4x3.143% 1070 x 527x 107
=0.099kg

' - Example 41. Calculate the uncertainty in velocity of a

cricket ball of mass 150 g if the uncertamty inits posztzon is of the
order of 1 A (h=6.6x10"* kg m* s7").

Solution:

or

Solution: Ax- mAv = i
4r

Av = ______}i___

4t Ax-m

6.6x 107
4x3 143x 10710 xOlSO
=3.499% 10 ms™ '

Example 42. Find the number of waves made ny a Bohr
electron in one complete revolution in the 3rd.orbit. - (11T 1994)

Solution:. Veloéity of the electron in 3rd orbit =

mr
where, m = mass of electron and r= radius of 3rd orbit.
Applymg de Broglie equation;
}\.zi _ﬁ 21tmr__ 2nr
. ‘ “mv m~ 3k 3

No ofwaves—@—ﬂ 3=3

2nr

"89

Example 43. The kinetic energy of an electron is
4.55x 107 J. Calculate the wavelength, (h= 6.6 x 10 Jsec,

mass of electron = 9.1x 107! kg).

Solution: KE= —; mv? =4.55%x107%
or %x 9.1x 107" xv* =4.55x107%
s 2%455%107%
or P =————
9.1x 107!
V= {03 ms™'

Applying de Broglie equation,
Ao b 66x107F
mv 9.1x 107! x 10°
Example 44. The speeds of the Fiat and Ferrari racing
cars are recorded to +4.5x10™ msec™. Assuming the track

distance to be known within t 16 m, is the uncertainty principle
violated for a 3500kg car? .

=0.72x10°% m

Solution: AxAv=45x107 x16 _
=7.2%107 m? sec™". ...(1)
h _ 6626 10734 (i)
4tm 4% 3.14 x 3500
=1.507x 107%®
Since, AxAv = h/4nm

Hence, Heisenberg uncertainty principle is not violated.

- Example 45. Alveoli are tiny sacs in the lungs whose
average diameter is 5x 107 m. Consider an oxygen niolecule
(5.3%x107% kg) trapped within a sac. Calculate uncertainty in
the velocity of oxygen molecule.

Solution: Uncertainty in position Ax = Diameter of Alveoli

=5x10"" m
Ax Av 2 —h—
4nm
6.626 x 107

4%3.14%x 53%107%6 x 5% 107'°
Av=1.99m/ sec

Av2

" _ILUSTRATIONS OF OBJECTIVE QUESTIONS

13. If the kinetic energy of an electron is increased 4 times, the
wavelength of the de Broglie wave associated with it would
become:

(a) 4 times (b) 2 times

©) % times -~ (d) % times

[Ans_. .(c)]

[Hint: A= % , Where, E = kinetic energy
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When, the kinetic energy of electron becomes 4 times, the
de Broglie wavelength will become half.]
14. The mass of photon having wavelength 1 nm is:
© (@) 221x 107 kg (5)221x1073 g
(€)2.21x 107 kg (d)2.21x 106 kg
[Ans. (c)] :
[Hint: = o
me .
h 6.626 x 1073
Mo —— =
Ac 1x107° x3x10°
=221x10¥ kg]
15. The de Broglic wavelength of 1 mg grain of sand blown by a
20 ms™' wind is: ‘
@33x10%m
©)3.3x10% m
[Ans. (a)]

[Hint:

0)33x10% m
(@33x10%m

A=— = ——=3313x10% m]
my  1x107 x20

16. Inan atom, an electron is moving with a speed of 600 msec™
with an accuracy of 0.005%. Certainty with which the
position of the electron can be located is: 7
(h=6.6x10"* kgm® s~ ,mass of electron= 9.1x 10™' kg)

(AIEEE 2009)

1) 51x1073 m

(d)384x107 m

(@)1.52x10"% m
(©)192x107% m

{Ans. (0)] .
[Hint: Accuracy in velocity = 0.005%
A= 600x0.005 0.03
100
According to Heisenberg’s uncertainty principle,
Ax mAv 2 i '
4n
_ 6.6x107*
4x3.14 x9.1x107! x 0,03
=1.92x10%m] -
17. Velocity of de Broglie wave is given by:
2 2
c hv me .
(@) — (b) — “(e)—— (VA
Y mec h
[Ans. (b)]
[Hint: A=tk
mv p
_h
=3
hv
my =—
¢
b
mc

i WAVE MECHANICAL MODEL OF ATOM

The atomic model which is based on the particle and wave nature
of the electron is known as wave mechanical model of the
atem. This was developed by Erwin Schridinger in 1926. This
model describes the electron as a three-dimensional wave in the
electronic, field of positively charged nucleus. Schrodinger
derived an equation which describes wave motion of an electron.
The diﬁ'ergntial equzation is: ,
2 .
Y LAY LAY M v yy=0

I Y S G o
where, x, y and z are cartesian coordinates of the electron; -
m=mass of the electron; E =total energy of the electron;
V =potential energy of the electron; A = Planck’s constant and
yr{psi) = wave function of the electron.

. Significance of y: The wave function may be regarded as
the amplitude function expressed in terms of coordinates
x, yand-z. The wave function may have positive or negative
values depending upon the values of coordinates.

The main aim of Schrédinger equation is to give a solution for
the probability approach. When the equation is solved, it is
observed that for some regions of space the value of y is positive
and for other regions the value of y is negative. But the
probability must be always positive and cannot be negative. It is,
thus, proper to use > in favour of y.

Significance of y%: ylisa probability factor. It describes

the probability of finding an electron within a small space. The
space in which there is maximum probability of finding an
electron is termed as orbital.

The solution of the wave equation is beyond the scope of this
book. The important point of the solution of this equation is that it
provides a set of numbers, called quantum numbers, which
describe energies of the electrons in atoms, information about the
shapes and orientations of the most probable distribution of
electrons around the nucleus. '

Wave function ¥y can be plotted against distance ‘r* from
nucleus as, '

T

— 2

I
Node - \25
L
r ~
Node 3p

For hydrogen wave function, number of nodes can be
calculated as, ‘
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(i) Number of radial nodes = (n — /- 1)
(i) Number of angulaf nodes =

(iii) Total number of nodes = (n —1)
(iv) Number of nodal planes =/

Note: If the node af r = oo is also considered then no. of r_xodes will be
7 (notn — 1.

Examples: (i) For ls-orbital n -—'1 1=0, it will }zave no
radial or angular node.

(i) For 2s-orbital, n=12, 1=0, it will have only one radial
node.

(iif) For3s-orbital, n=3,1=0, it will have two radzal nodes

(iv) For 2p-orbital, n=2, 1 =1, it will have no radial node
but it has only one angular node.

(v)For3p-orbital, n= 3 I=1, it will have one raa’zaf and one
angular node. : :
For s-orbitals: , ;
(n - 1yradial nodes + Oangular node = (n — 1) total nodes.
For p-orbitals:
(n - 2)radial nodes + 1angular node = (n —
For d-orbitals: ,
{n — 3)radial nodes + 2 angular nodes = (n — 1) total nodes.

d 2 like all Z-orbitals has two angular nodes. The difference is
‘that the angular nodes are cones in a d 2 orbital, not planes.

1) total nodes.

Operator form Schrodinger Wave Equation

HY=EY (Operator form)
2
where  =| =" 2 47| = Hamiltonian operator
. 8n’m
=T+ 7V

Here T = Kinetic energy operator
¥V = Potential energy operator
Complete wave function can be given as

Y(r0,0)= R(r) ©(0)9)
. Radial part Angular parf

Dependence of the wave function on quantum number can be
given as, - _ * ,
Yo (r,8,0)=R,, (r} ©,,8)P,(9)

The function R depend only on #
distribution of the electron as a functlon of r from the nucleus.
These functions depend upon two quantum numbers, 7 and /. The
two functions © and @ taken together gwe the angular
distribution of the electron.

The radial part of the wave function for some orbltals may be
given as,

1s . 1

7, therefore they describe the -

|«

3/2
o . |2 [2-Z|7rm
. - 2a0 B . aﬂ ..

32
» 2 . L [ Zr ] [ggj o120y
‘ V324, 29
where, Z = atomic number, a, = radius of first Bohr orbit of

hydrogen.

Plot of Radial Wave Function ‘R’ :
1s

28
t t
R R\ Node
r—> o — r—>

Number of radial nodes = (n - /- 1). ‘
At node, the value of ‘R’changes from positive to negative.
Plot of Radial Probability Density ‘R?:
1s

, 2s . 2p
t o T
R? R? ?ede
r —» /\ r —»

The plots of probability, i.e., R2 or ¥? are more meaningful
than the plots of functions themselves. It can be seen that for both
15 and 2s orbitals, the probability has a maximum value at r=0,
i.e., in the nucleus. In case of 25 orbital, one more maximum in
the probability plot is observed.

Plot of Radial Probability Function (4nr2R2):

In order to visualize the electron cloud within a spherical shell
is placed at radii 7’ and ‘r+ d¥ from the nucleus. Thus radial

. probability function describes the total probability of finding the

electron in a spherical shell of thickness ‘dr’ located at the
distance r from the nucleus.

R.P.F.'= (Volume of spherical shell) X Probability denmty
= (4nrdr)x R?

1s : 2s

47r2R2 —p

4mr?R2
>
;......

r —»

F_’

In the plot of radial probability against ‘7’ number p_eaks, ie.,
region of maximum probability = »n — /.
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LLUSTRATIONS - OF-OBJECTIVE QUESTIONS
18.

I

Radial
probability
density

Distance from nudleus — 4
If the above radial probability curve indicates ‘25’ orbital, the
distance between the peak points X, Yis :

@207A () 1.59A  (c)0.53A (@) 2.12A
[Ans. (a}] '
[Hint : X=053A, Y=26A

Y-X=26-053= 2071\]
19, ?lots for 2s orbital are :

N

1\ z

£t r—>
X, Y and Z are respectively k
(a) R, R? and 4nr’R? {b) R*, R and 4nr?R*
(©) 4nr2R2 R*and R (d)R?,4nr’R* and R

[Ans. (b)]
[Hint : Y will be definitely ‘R’ because value of R cannot be
negative, thus X will be R? and Z will be 41r°R. Z represents
radial probability function; its value will be zero at origin]

20. The wave function (¥)of 2s is given by :

1/2
= 1 [_}_] {Z_L} e.-?!f?rag
& 2‘\[2—7; yag ay .

At r =p, radial node is formed. Thus for 2s, 5 in terms of a,
is:

@) =a (b)’é"zao ©rp=a/2 (d)fb—‘*ao
[Ans. (b)]
[Hint : When r =5, W, = 0 then from the given equatxon
: 2-—=0
B . ao
r=2a]

21. The wave funcnon for 1s orbltal of hydrogen atom is given 7

by:

e
\Pls =€

J2
where, ay = Radius of first Bohr orbit
r=Distance from the nucleus (Probability of finding
the electron varies with respect to if)
What will be the ratioof probabilities of finding the electrons
at the nucleus to first Bohr’s orbit a, ?
(a)e (b) &* ) Ve’

(d) zero
[ Ans. (d)] '

‘ [Hint: For 1s orbital, probability of finding the electron at the
nucleus is zero.]
22. The radial wave equation for hydrogen atom is :

312
(1 : o
=—=|—| [x-D*-8&+12)]e*

16v4 [ } =D ]
where, x = 2r/ a; ay = radius of first Bohr orbit. .
The minimum and maximum position of radial nodes from

nugleus are ;
(a) a, 3a, (b)-‘-’g-,sao (c)ﬂz"-,ao (d)f‘;-,%
[ Ans. (b)] '

[Hint : At radial node, ¥ = 0
= From given equation,
 x-1=0andx’ -8x+12=0

x~-1=0 = x=1
ie., : Ztr=% (Minimum)
) 2 V
—8x+12=0
x=-6)x-2)=0
when x-2=0
x=2 ,
=2, le, r = a (Middle value)

when  x-

[l

@“I“M o\§’1‘~:’
e
> oo

r=3q, (Max:mum)]
2 16 QUANTUM NUMBERS

As we kncw to search a particular person in this world, four
things are needed:
(i) The country to which the person belongs :

(ii) The city in that country to which the person belongs

(i) The street in that city where the person is residing

(iv) The house number

Similarly, four identification numbers are required to locate a
particular electron in an atom. These identification numbers are

called quantum numbers. The four quantum numbers are
discussed below.

Principal Quantum Number o
It was given by Bohr; it is denoted by n’. It represents the
name, size and energy of the shell to which the electron belongs.
The value of ‘n’ lies between 1 to oo. '
n=123,4,..0 .
Value of = 1. 2 3 4 5 6 7
Designation of shell = K. . L M N O P Q

(i) Higher is the value of ‘n’, greater is the distance.of the

shell from the nucleus.
Bheh<n<r<r<..
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2 .
r=2_x0529A
~ .

(i'i) Higher is the value of ‘#’, greater is the magnitude of
energy. . . '
E, <Ey<bBy<Egj<E;..

2
E=- 2—2 x.21.69x 107" 1/ atom
n
2

= —Z—z- % 313.3 kcal per mol
43

Energy separation between two shells decreases on moving
away from nucleus.

(B2 ~Ey)>(Ey —Ey)>(Ey - Ey)>(Es — Ey)
(ii1) Maximum number of electrons in a shell* = 2n*
(iv) Angular momentum can also be calculated using
principal quantum number

nkh
mor=—
2n

Azimuthal Quantum Number

It was given by Sommerfeld; it is also called angular
guantum number, subsidiary quantum number or secondary
quantum pumber. It is denoted by */; its value lies between 0, 1,
2, .. (n—1). '

It describes the spatial distribution of electron cloud and
angular momentum. It gives the name of the subshell associated
with the main shell

{=0 s-subshell;

[=2 d-subshell;

[=4 g-subshell.
5. p,d, fand g are spectral terms and signify sharp, prmapal
diffused , fundamental and generalised respectively.

The energies of the various subshells in the same shell are in
the order of s< p<d< f<g (increasing order). Subshells
having equal / values but with different # values have similar
shapes but their sizes increase as the value of ‘»” increases.
Zs-subshell is greater in size than Ils-subshell.” Similarly.
2p,3p, 4 p-subshells have similar shapes but their sizes increase
inthe order 2p < 3p < 4p.

Orbital angular momentum of an electron is calculated usmg

the expression
= ,/1(l+1)—= I+ n
2n

here, b= i

2n
The magnitude of magnetlc moment i, may be ngen as:

= JII+1) BM

where, BM = Bohr Magneton

I=1 p-subshell;
1=3 f-subshell;

I BM= =92732x 10714 J

me
Maximum electrons present in a subshell = 2(2/+ 1)

d- subshell - 16 electrons
f-subshell — 14 electrons

s-subshell — 2 electrons
p-subshell — 6 electrons
g-subshell — 18 electrons
Magnetic Quantum Number
This quantum number is designated by the symbol ‘m’. To

-explain splitting of a gjngle spectral line into a number of closely

spaced lines in the presence of magnetic field (Zeeman effect),
Linde proposed that: electron producing a single line has several
possible space orientations for the same angular momentum
vector in a magnetic field, i e., under the influence of magnetic

" field each subshell.is further sub-divided into orbitals. Magnetic

quantum number describes the orientation or_ distribution of
electron cloud. For each value of ‘7, the magnetic quantum
number ‘m’ may assume all integral values from —/ to +/7
including zero, i.e., total (2/ + 1)} values.

Thus, when /=0, m= 0(only one value)

when /=1, m=~10,+1 (three values) ,
i.e., three orientations.
One orientation corresponds to one orbital. Three orientations

. (orbitals} are designated as p,, p, and p,.

When I=2,m=-2,—
orientations. .

The five orbitals are designated as:

dxy,dﬁ,dn,dxz_yz and d .

When!/=3,m=~3,~2,~10,+ 1, + 2, + 3(seven values), i.e.,
seven orientations.

Different values of ‘m’ for a given value of */” provide the total
number of ways in which a given s, p,dand f subshells in
presence of magnetic field can be arranged in space along
x, yand z axes or total number of orbitals mto which a given

L,0,+1,+2 (five values), i,e., five

~ subshell can be divided.

When /=0, m=0,i.e., one value implies that * 5’ subshell has
only one space orientation and hencey it can be arranged in space
only in one way along x, y or z axes. Thus, ‘s orbital has a
symmetrical spherical shape and is usually represented as in Fig.
2.16.

In case of Is-orbital, the electron cloud is maximum at the
nucleus and decreases with the distance. The electron density ata
particular distance is uniform in all directions. The region of
maximum electron density is called antinode. In case of
“2s-orbital, the electron density is again maximum at the nucleus
and decreases with increase in distance. The ‘25™orbital differs in
detail from a Is-orbital. The electron in a “25™-orbital is likely to be
found in two regions, one near the nucleus and other in a
spherical shell about the nucleus. Electron densﬁy is zero in
nodal region.

o s

99% contour

2s-orbital

*No energy shell in atoms of known elements possesses more than 32 electrons.
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Flg 2.16 S
When /=1, ‘m’ has three values -1, 0; +1. It implies that ‘p Orbital dy d, 4y fdxz -2 d,
subshell of any energy shell has three space orientations, i. e., m o+ 1 ; 41 42 0
three orbitals. Each p-orbital has demb-bell shape. Each one is . E
disposed symmetrically along one of the three axes as shown in Nodal planes :
Fig. 2.16. p-orbitals have directional character. Orbital Nodal planes
Orbital P Py py . dxy XZ, yZ
m 0 +1I *1 - d, .oxv,Zx
Nodal plane xy yz  zx d, xy, vz
When [ = 2,°m’ has five values -2, =1, 0, + 1, + 2. It implies dxz-_yz x—y=0,x+y=0
that d-subshell of any energy shell has five orientations, i.e., five dzz ‘ No nodal plane, it has

orbitals. All the five orbitals are not identical in shape. Four of '

the d-orbitals d,,,d,,d,, ,d LN contain four lobes while
fifth orbital d 2 c0n31sts of only two lobes. The lobes of d,,
orbltal lie between xand y-axes. Similar is the case for
y- and d .. Four lobesofd , , orbital are lying along xand y-
axes whﬂe the two lobes of a’22 , otbital are lying along z-axis and

contain a ring of negative charge surrounding the nucleus in

xy-plane (Fig. 2.16).

a ring around the lobe

There are seven f—m‘bltals designated as f 2 .f 3 - )

f PEREN Y S f 35 f , and f . Their shapes are complicated

ones.

Positive values of m; describes the orbital angular momentum
component in the direction of applied magnetic field while the -
negative values of m; are for the components in opposite
direction to the applied magnetic field.
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Fig. 21.6 (a) Sbace quantization in magnetic field

Characteristics of Orbitals
(i) All orbitals of the same shell in the absence of magnetic
field possess same energy, i. e., they are degenerate.

(ii) All orbitals of the same subshell dlffer in the direction of
their space orientation.

(111) Total number of orbitals in a main energy shell is equal to
n? (but not more than 16 in any of the main shells of the known
" elements).

n=1 No. of orbitals = (1)* = 1(ls)
n=2 No. of orbitals = (2)2_= 4(2s,2p,,2p,, 2p,)
n=3 No.of orbitals = (3)° =9(3s,3p,,3p,, 3p, . 3d,,

‘ 3d,,3d,.,3d , 5,3d,)
n=4 No. of orbitals = (4)2 =16 7

The division of main shells into subshells and that of subshell
into orbitals has been shown below:

Note: Magnetic quantum number also represents quantlzed value of
z-component of angular momentum of the electron in an orb1ta1
through the expressmn :

Lz =m (iJ
2n

If Ois the angle between z-axis and angular momentum vector,
Lz=Lcos©

h h
—|=JIg+1)—cos®
. _ m(sz ( )Z'n cos
or m=\JI(l+1)cos®

Subshells ' Orbitals

yz?

) Main shell
1st-shell e e -
(K-shell) n=1 1s(I=0) © 1s(m=0)
e _—————
2nd-shell 7T 3sU=0) = 25(m=0)
(L-shell) n=2 SNl ) -7 2p,(m=0)
—————— - - ———
2p(=1) S~ 2py (m=x1)
N
: 2pc(m=x1)
/°38s({=0) 3s(m=0)
/ T
3rd-shell s 77 3pz(m=0)
(M-shell) AN 3p(i=1) ~ 3pym=+1)
N !
AN 3p, (M==1)
3d{I=2)\ ,73d2(m=0)

7/ — .
/7 3d,2 2 (m=12)

R B0 (m=21)
.30, (m= 1)

30y (m =12y

Degenerate Orbitals

Orbitals which are located at the same energy level on the energy
level diagram are called degenerate orbitals. Thus, electrons have
equal probability to occupy any of the degenerate orbitals.

Px» Py and p,—— 3-fold degenerate
d-orbitals —— 5-fold degenerate
f-orbitals —— 7-fold degenerate

Degeneracy of p-orbitals remains unaffected in presence of
external uniform magnetic field but degeneracy of 4 and
Sf-orbitals is affected by external magnetic field.

Spin Quantum Number

It is denoted by ‘s’ and it was given by Goldschmidt.

Spin quantum number represents the direction of electron spin
around its own axis.

(i) For clockwise spin, s = + % (T arrow representation).

(ii) For anticlockwise spin, s = — 14 ( arrow representation).
Spin electron produces angular momentum equal to 4 given by

[T =,/s(s+1l)2i , where, s=+1}
T

Total spin of an atom = n x 1/ (n = number of unpaired

' . g electrons)

Spin magnetic moment (L ) is given by

eh

Mg =4/s(s+ 1) ——

‘ 2nmce

Each orbital can accommodate two electrons with opposite

spin or spin paired; paired electrons cancel the magnetic moment

and develop mutual magnetic attraction as shown in the
following Fig. 2.17.

N . - s
Magnetic field. .

LT /\ ) ,_.-\-\.
-, N / —-— : - \ ' N\
o2 \ N YY)

\ I I
! T
2 -2p
] [N
1 \

\.
1
i
!

Fig. 2.17

Electrons having same spin are called spin parallel and those
having opposite spin are called spin paired.

Spin paired —— @J

Spin paralle] — lﬂ]
Spin multiplicity: i
Spin multlphclty [2Xs+1]-
where, s = spin quantum number '
e.g.,catbon = 152 252 2p

N ™ TT

2

Normal state

N

Excited state
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3

. o 1 nl No.of  No.of
= - 154 —= = P - . .
Spin multiplicity 2[(+ 2] 5 [ 2}] +1=5 Pgn;:sal Azqim;;:hal Mgg:‘iﬁc gpli\lllo electrons ~electrons
. .‘n, ) .51, ) ;mﬂ ) . .Ss’ . on a ?n a
247 PAULI'S EXCLUSION PRINCIPLE 4 . Subshell main shef}
Each electron in an atom is designated by a set of four quantum 4 0(s) 0 +}./2’ - 2
numbers. In 1925, Pauli proposed that no two electrons in an._ - 1(p) 6
atom can have same values of all the four quantum numbers. 2d) : . 10
An orbital accommeodates two electrons with opposite spin; =3+ 4%
these two electrons have same values of principal, azimuthal and -2 4%, Y
magnetic quantum number but the fourth, i e, spm quantum ' ]2’ : . '
number will be different. _ BT RS 32
This principle,-can be illustrated by takmg example of 3¢9 0 + ) , }/ . 14
nitrogen. ' +Ho+)-k k
N, = L%, 2% ; 2p° 2 +h- )
- 43 4+ Y-
= I 5 28 5 2p! 2p, 2p! 25
W — Conclusions: ‘
_ =N I LA L U ) (i) The maximum capacity of a main energy shell is equalto
, ‘2
Principal quantum number (1) 1 202 2 2 2n” electrons.
) (i1) The maximum capacity of a subshell is equal to 2(2/ + 1) ~
Azimuthal quanmm number (/) ' 0 . 0 ‘ 1 11 eléctrons.
Magnetlc quantum number (m) 0 0 +1 -1 0O Subé;aerg}f ;heﬂ h Azimuthal Maximum capacity of
Spin quantum number (s) +h =Yt B Y+ B+ Y+ W - . QNo.°P electrons 2(21 + 1)

. Out of seven electrons no tWo h:_ave same values of all fb.ur S 0 H2x0+ D=2
quantum numbers. With the help of this principle, it is possible to P I - 2x1+ D=6
calculate the maximum number of electrons which can be d Sz 22x2+p=10
accommodated on main energy shells and subshells. f _3 22x3+ =14

o . . . No. of No. of (ii1) Number of subshells in a main energy shell is equal to the
Priqclpal Azimuthal Magnetic - Spin elect electrons value of n.
Q. Nf‘ Q.No. Q. Pd’o. Q. N}n, ona ona No of o )
11 - Ed » - b :
w7 " ¥ . subshell main shell Value of n Conetls | Designated as
1 o) . 0 I¥-¥ 2 2 1 1 Is
_ - : 2 . 2 25, 2p
2 Ofs) 0 +h-h 2 , 3 3 35,3p, 3d
1(p) B AR 4 8. 4 4 4s,4p,4d,4f
0 +¥%,-Y 6 (1v) Number of orbitals in a main energy shell is equal to 1>
e +%.-% n - No. of orbitals
o 2_1.
3 o) - 0 +Y%-4 2 : W=t s
Y -1+ Y,-%) 2 I @y =4 S, Py3 Pys P: .
22 .2 ) 3 . (3)2'-—9 ;9,PX,P3 zadr’ ,da-,dz Zad’
1(p) 0  +Y-¥i. 6 Y 4 227
A 4 Y-¥ (v) " One orbital cannot have more than two electrons. If two
LR electrons are present, their spins should be in opposite
-2 +Y4%,-Y 18 directions. -
1 44,4 HUSTRATIONS  OF OBJECTIVE QUESTIONS
Ad) 0 ), 10
Yol ; 23 Thc orbital angular momentum of an electron in a d-orbital is:
+1 +Y%,-% ) (DCE 2007)
h
2 hh @Yo OV @@L @2
2n 2 21 2n

[Ans. @]
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[Hint: Orbital angutar momentumn = .[i(/ + 1) —;—
¢

_ ko
=22+ 1) " V6 -

(Here, | = 2, for d-orbitais)]
24, Which of the following sets of quantum numbers is correct for
an electron in 4 f-orbital?

(Jamia Millia Islamia Engg Ent. 2007) :

(@n= 4 I=3,m=+4,s=+Y,
byn=4,l=4,m=~4,s=-Y
©n=4,1=3,m=+1s=+Y.
@n=31=2m=-2,s=+Y,
{Ans, (9]
[Hint: Fordf,n=4,l=3,m=-3,-2,
s==Yor+ 4]

25. Match the List-I with List-II and select the correct set from

the follov» ing sets ngen below:

~1L,0,+1,+2,+3

Lxst-l List-IT
(A) The number of sub-energy levelsinan (1)
energy level
(B) The number of orbitalsina sub-energy 2) 3d
level S
(C) The number of orbitals in an energy level 3 2A+1
(D}nf-.:'3,£=2,m=0_ ) ‘ 4 n
. ; [PET (Raj.) 2005]
* Sets (A) B) ©) )
(@ 4 3 1 2
() 3 1 2 4
© 1 2 3 4
) 3 4 1 2
[Ans. (a)]

[Hint: Number of orbitals in a shell = n*

Number of subshells in a shell = n
Number of orbitals in a subshell = (2/ + 1)
n=3,1=2, m=Orepresents 3d]
26. Which of the following is not possible?.
[BCECE (Medical) 2007]
byn=21=0m=-1
(DHn=31=1, m‘=:— 1

@n=21=1,m=0
yn=3,I=0,m=20
[Ans. (b)]

[Hint:

27. What is the maximum number of electrons in an atom that can
have the quantum numbersn=4,m, =+1?

When / = 0, *m’ will also be equal fo zero.]

[PMT (Kerala) 2007] -

@4 OIS ©3 @1 (6
[Ans. (e)] ‘ '
[Hint: n=4, I=0; m, =0

I=1; m=-1,0+1"

C1=2;  my=-2,-1,0,+1+2

1=13; m,=~3,-2,-L0,+1,+2,+3

There are three orbitals havmg m, = + |, thus maximum number
of electrons in them will be 6.]

248 AUFBAU PRINCIPLE

Aufbau is a German word meaning ‘building up’. This givesusa
sequence in which various subshells are filled up depending on
the relative order of the energy of the subshells. The subshell
with minimum energy is filled up first and when this obtains
maximum quota of electrons, then the next subshell of higher
energy starts filling.

The sequence in which. the various subshells are filled is the.

following: - >

;¥
EX

Fig. 2.181 “Order of filling of various subshells

1s,25,2p,3s5,3p,45,3d,4p,55,4d, 5p,65,4 f,5d ,6p,7s,5f,6d, Tp.

The sequence in which various subshells are filled up can also
be determined with the help of (» + I ) value for a given subshell.

"The subshell with lowest (# + /) value is filled up first. When

two or more subshells have same (n+ 1) value, the subshell
with lowest value of ‘n’ is filled up first.

-

 Subshell
1s
2s
2p
. 35 .
3p
4s
3d
4p «-
5s

(n+1)

—

} - Lowest value of n

T

1
0
0
1
0
1 } Lowest value of n
0 <

2

1

0

IV N T T N S I

} Lowest value of

LT IV IR I S T IR



w |

' Subshel

nooy I (n+ ). T

4d s 2 6 |

5p 5 1. 6 } Lowest value of 1

6s . 6 6 -6 g ' :

af 4 3 7

sd 5 2.1 R

6p 6 i 7 Lowest value of n .
- s 7 0 7

5f 5 3 8

6d 6 2 8 } Lowest value of n

Tp 7 1 8 ’ '

The energy of electron in a hydrogen atom and other single.
electron species like He™, Li * andBe®* is determined solely by
the principal quantum numher The energy of orbitals in
hydrogen and hydrogen like species increases as follows:

Is<25=2p<3s=3p=3d<4s=4p=4d=4f<...

- The complete electronic 'configuration of all the known
~ elements have been given in the table on next page. It is observed
that few of the elements possess slightly different electronic
configurations than expected on the basis of Aufbau Principle.
These elements bave been marked with asterisk (*) sign.

HUND’S RULE OF MAXIMUM
MULTIPLICITY (Orbital Diagrams)

_ There is one more method of representing the electronic config-
uration which is usually called as orbital diagram. In this method,
the electron is shown by an arrow: upward direction T (clockwise
spin) and downward direction 4 (ann-clockwme spin).

To indicate the distribution of electrons among the orbitals of
an atom, arrows are placed over bars that symbolise orbitals.

Hydrogen, for example, is represented as %.The ﬁeﬁ(t'elemem, '

with atomic number 2 is -helium. It is represented as -E—

- both the electrons are present on the same orbital lsand are paired
(spins are in opposite directions). The next two.elements are Li

_and Be with three and four electrons, respectively. These are
represented by-orbital diagrams as:

Li Nt
Be i
V s 2
These can also be written as: o
| Li [Hel - T
Be [He] T—£

In Be, 2s-orbital has been completed. The fifth electron in the
case of boron enters the next available subshell which is 2 p. Thus,
the electronic configuration of boron is 1s*2s?2p" . In the orbital

":diagram [He]T—l'—-l—— , the 2p subshell has three orbitals
T 2s 2p

,he

G.RB. PHYSICAL CHEMISTRY,FOR COMPETITIONS

Der D yand p . All the three have saroc energy. The electron can
be accommodated on any one of the 2p-orbitals, Tn' the case of
carbon, sixth electron is also accommodated on 2p subshell and
its electronic configuration is represented as 1s® 25> 2p® but three -

orbital diagrams can be expected

() [H ]LJLI—T———— Electrons are

2 L2pd

(1i) [ILIe]T—”L-z v — Electrons

2 L2p]
TLTd

(iii) [He]—————L—_—z—— Both the electrons are. present on

present on two

different orbltals w1th parallel spms

are _present on two

different orbitals with opposite spins.

+ one orbital with’ 0ppos1te spins.

Expenments show that (i) orbital diagram is correct while (ii)~
and (iii} are not correct. This has given birth to a new rule known
as Hund’s rule of maximum multiplicity. It states that electrons
are distributed among the orbitals of a subshell in such a way-
as to give the maximum nuniber of unpaired electrons with
parallel spins. Thus, the orbitals available in a subshell are first
filled singly before they begin to pair. This means that pairing of
electrons occurs with the introduction of second electron in
sorbitals, the fourth electron in p-orbitals, sixth electron in
d-orbitals and eighth electron in f-orbitals. The orbital diagrams of

‘nitrogen, oxygen, fluorine and neon are as given below:

Nitrogen  (7) [He] Tt
o 25 L-2p—J
Oxygen  (8) [He] Hrita
’ o T L2p..J
Fluorine  (9) He] TITITIT
25 sz_‘
Neon,  (10) Hel T4TLTLTL
: 25 L L.Zp_J

. The orbital diagrams of elements from atomic number 21 to 30
‘can be represented on similar lines as below:

Se [Ar3d'asf Al T~ —  —  — 1L
Ti [Af3d? 45’ T S - T
V [Af3d° 4 R A Y
o et 1111 11
L A
O T R N B
Co [Ad3d’4¢ 1L 1L T 1T 1 1L
Nopagstad LT T 11 T
Curana e TLOM N T T
Zagsas 1L TL TN 1L

4s

w
R
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JN

ELECTRONIC CONFIGURATION OF ELEMENTS

© Os

. : '
Element | At.No. | L | M |45 |4p | 4d | 4 | 55 | Sp | 54 | 5| 65 | 6p | 6d. | 6f |7s..
Cs 55 2 18 [ 18] 216 |10 2 6 1 _
Ba 56 2 8 | 18] 2 6 | 10 2 6 2 | (6scompleted)
*La 57 2 8 |18 | 2 6 | 10 2 6 1 2
*Ce 58 2 g | 18 | 2 6 110 | 1 2 6 | 1 2
Pr 59 2 g |18 2| 6|10 3 21 6 2
Nd 60 2 8 | 18 | 2 6 | 16| 4 2 6 2
*Pm 61 2 8 18 2| 6 10 5 2 6 2
Sm 62 2 8 | 18 | 2 6 | 10| 6 2 6 2
Eu 63 2 g8 18| 216 |10 7| 2 6 2
*Gd 64 2 | 8 | 18| 2|6 |10} 7 2 6 1 2
Tb 65 2 8- 18| 2 | 6 10| 9 2.1 6 2
Dy 66 2 | 8 |18 2 |6 [10]10] 2|6 2
Ho 67 2 3 18 2 | 6. 10 |1 2 6 2
Er 63 2 8 | 18] 2 6| 10| 12| 2 6 2
Tm 69 2 8 | 18] 2 6. | 10,1713 | 2 6 2
Yb 70 2.0 8 [ 18|26 |07 14| 2|6 | 2 :
Lu 71 21 8 | 18 2 |.6 |10 14] 2611 2 (4f completed)
Hf. T2 2 78 | 181 2 6 2 T2 .
Ta 73 2 8 | 187 32 2 6 | .3 2
w 74 2 g L8 | 32 2 1.6 | 4 2
Re 75 2 0 8 18| 2 2 6 5 2
76 278 |18 | 32 2 6 | 6 o2
Ir 77 | 2| 8 | 18 32 2 6 7 -2
*Pt 78 2,18 |18 | 32 2 6 9 1
*Au 9 |2 8 | 18 | 32 ) 6 | 10, 1 :
Hg 80 2 8 18 | 32 2 6. | 10 2 (5d completed)
Tl 81 2 8 |18 | 32 2 6 10 2 1 '
Pb 82 2 |.8 | 18| 32 2 6 | 10 2 2
Bi 8 | 2 8 18 | ®» 2 6 | 10 2 3
Po 84 .. 2 8 | 18| 32 2 6 |10 2 4
At 35 2 8 | 18 | 3 2 6 | 10 2.1 5
Rn 86 2 1 8| 18] 32 2 6 | 10 "2 | 6(6pcompleted)
Fr 87 2.1 8 | 18] 32 o2 6 | 10 2 6 ’ '
Ra 88 2 8 | 18| 32 2 6 |10 21 6. 2 (7scompleted)
*Ac 89 2 |8 |18 | 32 216 |10 2 1 6 1 2
*Th 90 2 1 8 | 18] 32 2 "6 (10 0 | 2 6 | 2 - 2
*Ppg 91 2 8 | 18| 32 2 6 |10 | 2 2 6 1 2
U 92 2 | 8 |18 | 32 2 6 |10 3| 2|6 1 2
*Np © 93 2 8 | 18 | 32 2 6 10 | 4 2 6 1 2
Pu 94 2 8 | 18| 32 2 6 | 10| 6 2 | 6 2
Am 95 2 8 18 | 32 2 6 | 10 | 7 2 6 2
*Cm 9 2 8 |18 | 32 2| 6 10| 7 2 6 1 2
*Bk 97 2 8 18 | 32 2 6 | 10 | 8 2 6 1 2
cf 98 2 8 | 18 | 32 2 6 |10 | 10 | 2 6 2
Es 99 2 8 | 18 | 32 2.1 6 |10 11+ 2 |6 . 2
Fm 100 2 8 | 18 | 32 2 6 |10 | 12| 2 6 2
Md 101 2 8 | 18 | 32 2 6 |10 13| .2 1 6 2
No 102 2 8 | 18| 3 2 6 |10 | 14| 2 6 2 .
*Lr 103 2 8 | 18| 32 2 6 |10 14 2 |6 1 2 (51 completed)
Kuor Rf 104 - 2 8 | 18 | 3 2 6 | 10| 14| 2 6 2 2 )
Haor Db. 108 2 8 18 | 32 270 6 10| 14 2 6 3 2
sg w6 | 2 | 8 |18 | 32 2 |6 10| 14] 2|64 2 |0 o
Bh 07 | 2 | 8 |18 | 32 206 | 10|18]|2|6]|s 2 | & gé
Hs 108 2 8 18 | 32 2 1 6 10 | 14 2 6 6 2 §§€
Mt 169 21 8 |18 | 312 2 6 | 10 | 14 | 2 6 7 2 °8
*UunorDs| 110 2 8 | 18 | 32 2 6 10 | 14 2 6 9 1
*UmorRg| 111 2 8 | 18| 32 2 6 | 10 | 14| 2 6 | 10 13
Uub 12 2 8 | 18 | 32 2 6 |10 | 14 2 6 |10 2 (6d completed)
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All those atoms which consist of at least one of the orbitals
singly occupied behave as paramagnetic materials because these
are weakly attracted to a magnetic field, while all those atomis in
which all the orbitals are doubly occupied behave as
diamagnetic materials because they have no attraction for
magnetic field. However, these are slightly repelled by magnetic
field due to induction.

Magnetic moment may be calculated as,

n(n+2) BM.

* 1 BM (Bohr Magneton)-—' ch
4dmtme -

where, n = no. of unpalred electron

Excepﬁons to Aufbau Principle

In some cases, it is seen that actual electronic arrangement is
slightly different from arrangement given by aufbau principle. A
* simple reason behind this is that half-filled and full-i‘ tled
subshells have got extra stability.

Cr, —  1%,2%27, 3s23963d 45 , (wrong)
— 155, 267255, 36%3p%34 °, 45! (right)
Cupy — 12925, 36%353d%, 48 (wrong)
12,2822, 3573534, 450 (right)

Similarly the following - elements have slightly dnfferent
configurations than expected:

Nb,, > [KeJdd* 55t

Mo, —>[Krldd® 55"

Ru ,, — [Kr}4d’ 5s*

Rh ;s —> [Kr}dd® 5s'
 Pd 4 — [Kr}dd'055°

Ag ., — [Kridd" 55!

Ptys — [Xeldf 54°6s'

Auqg —[Xeld 454" 6"

Las; —[Kr]4d'%56% 5p° 54" 6s°
Cegy — [Kr]4d™ 4 £256* 5p5d% 65>
Gd g, —[Kr]4d™4 17 55° 5p®5d" 65

220 PHOTOELECTRIC EFFECT

Emission of electrons from a metal surface when exposed to light
radiations f : appropriate wavelength is called photoelectric
effect. The emitted electrons are called photoelectrons.

- Work function or threshold energy may be defined as the
minimum amount of energy requnred to eject electrons from a
‘metal surface. .

According to Einstein, :

- Maximum kinetic energy of the ejected eleciron
- =absorbed energy ~ work function
1 :

Emvfm =hv-hvy

s
s
i

O L

where, v, and A, are threshold frequency and threshold

wavelength respectively.

Stopping potential: The minimum potential at which the
plate photoelectric. current becomes zero is called stopping
potential,

If¥, is the stopping potential, then

eV =h(v—vy)

Laws of Photoelectric Effect

(i) Rate of emission of photoelectrons from a metal surface
‘is directly proportional to the intensity of incident light.

(ii) The maximum kinetic energy of photoelectrons is
directly proportional to the frequency of incident
radiation; moreover, it is mdependent of the mtenstty of

lightused, - - e e R

(iii) There is no time lag between incidence of hght and'
emission of photoelectrons.

(iv) For emission of photoelectrons, the frequency of mcldent
light must be equal to or greater than the threshold
frequency

mm OF OBJECTIVE U

. - 28.  The maximum kinetic 'enérgy of photoelectrons ejected from

a metal, when it is irradiated with radiation of frequency
2% 10" 57" is 663 x 107 2°J. The threshold frequency of the

metal is: [PMT (Kerala) 2008}
@2x104s! IS ' (b)3><101"};"l
(©2x10 14g! (d1x107s7!
(e)1x10Ms™!
[Ans. ()]
[Hmt Absorbed energy = Threshold energy + Kinetic energy

' of photoelectrons

hv=hvg+ KE
hVo = hV -KE

6.626 x 1073 x v, =6.626 x 1073 x 2 x 10" - 6.63 x 1072

13252%1071 - 6.63x 1072
Vo= 7
6.626 x 10
‘ Ve =9.99x10% =10" 571 ~
29. If A, and A be-the threshold wavelength and the wavelength
of incident light, the velocity of photoelectrons ejacted will
be:

'(a}J—(Ao M o2 Ao=h)

ohe(ng -2 2
c d) j—(—-=|
© [ My ) P (% 1]
[Ans. (c}]
‘ [Hini Absorbed encrgy = Threshold energy + Kinetic énergy
) of photoelectrons B
he _ he 1 5
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i
i

(Slopeizf (Slope); = LR =el
hle .~ .

Isotopes are the atoms of the same element having different
atomic masses (see determination of isotopic mass). The term
‘isotope’ was introduced by Seddy. This is a Greek word
meaning same position (Isos = same, topes = position), since all
the isotopes of an element occupy the same position in the
periodic table. Isotopes of an element possess identical chemical
properties but differ slightly in physical properties which depend

30. A radiation of wavelength A illuminates a metal and ejects - 32.  Ground state energy of H-atomt is (— ), the velocity of
- photoelectrons of maximum kinetic energy of leV. Another photoelectrons emitted when photon of energy E, stnkes
. A » . statlonary Lx ion in ground state will be: :
radiation of wavelength —, e¢jects . photoelectrons of ‘
3 (@)o= ~E) by {2 (E2 +9E)
maximum kinetic energy of 4 eV. What will be the work m
function of metal? ) 2( Ez -9 E‘ ) p) ( E2 -3 El
(a) leV (b) 2eV (3)0.5¢V  (d)3eV o= =2 —1
[Ans. (©)] [Ans (c)] "
[Hmt Absorbed energy = Threshold energy + Kinetic energy
, of photoelectrons - [Hint: Threshold energy of Li** = 9E, -
¢ ] Absorbed energy = Threshold energy + Kinetic cnergy of
h 3 Ey+1eV () , photoelectrons .
. , . ',
3h % = Ey + 4eV i) By =9E, + —mv”.
.2 _' _
3(Ey + 1eV) =Ey + 4eV mv” = 2E, - 9E,)
V Ey=05¢V] o o= ‘2(52—9151)]
31. - The ratio of slopes of maximum  kinetic -energy “versus S e V I
frequency and stopping potential () versus frequency, in
photoelectric effect glvis ’ 2.21 SOME OTHER FUNDAMENTAL
{a) charge of electron (b) planck’s constant . PARTICLES
(c) work function -~ {d) threshold frequency Besides protons, neutrons and electrons many more elementary
[A{‘s- @] : ' particles have been discovered. These patticles are also called
_ [Hint: hv=hvgtely. . Fundamental particles. Some of these particles are stable while
eVy= };l" - k;:’o - © the others are unstable. Out of stable particles, the electron, the -
Vy=—v—=v, .{i). - proton, the antiproton and the positron are four mass particles
ooe e while neutrino, photon and graviton are threé energy particles.
(Slope), i;:/ e , . Among these, unstable particles are neutron, meson and
_ (KIE)““”‘ A Vo ~ v particles. The main characteristics of the particles are given in
(Slope), = h  table 2.1 below. .
A _ Table 2.1 7
Particle Symbol Nature  Charge esux 107" Mags (amu) Discovered by
Positron _ ¢, 1 B + +4.8029 0.0005486 Anderson (1932)
Neutrino . v A 0 < 0.00002 Pauli
Antiproton . ' P — . -438029 1.00787 “Chamberiam Sugri and Welghland (1955)
Photon hv o 0 0 Planck
Graviton G 0 0 0
Positive mu meson wt + + 4.8029 0.1152 Yukawa (1935)
. Negative mumeson -~ TR - - 4.8029 0.1152 Anderson (1937)
Positive pi meson LA + + 4.8029 0.1514 ) V ,
Negative pi meson n - .- —4.8029 0.1514 Powell (1947)
“Neutral pi meson = o 0 0.1454
2.22 [ISOTOPES

on atomic mass. Isotopes were first identified in radioactive
elements by Soddy. In 1919, Thomson established the existence
of isotopes in a hon-radioactive element, neon. Until now, more

. than 1000 isotopes have been identified (natural as well as

artificial). Out of these about 320 occur in nature, approximately

280 of these are stable and the remaining 40 are radioactive.
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Conclusions =

(i) Number of neutrons pfesént in the nuclei of various

isotopes of an glement is always different. The number of

neutrons is determined by applying the formula N = 4 - Z
where A is mass number and Z is atomic number.
Hydrogen has three isotopes, 1H, ?Hand ; H.

A(Mass number)  Z No. of neutrons
H 1 1 0
H -2 1 1
H 3 1 2
Oxygen has three isotopes, %0, 70and 0. ;
' T A . £ No, of ngutrém
5o 16 8 8
Yo . - 17 g 9
g g g e g

(ii) In a neutral atom, the number of protons and the number
of electrons are alWays the same, i.e., the electronic
configuration of all the isofopes of an element is the
same. Thus, all the isotopes of an element show the same
chemical properties. However, the rates of reactions may
be different for different isotopes of an element.

(iii) All the isotopes of an element occupy the sanie position
in the periodic table.

(iv) The isotopes of an element differ slightly in physical
properties. The compounds formed by these isotopes will
also have different physical properties. -

Determination of Isotopic Mass

Chlorine has two isotopes ,; C1** and ;,Cl 37. these are found

in nature in 3 : 1 ratio or 75%: 25% respectively. Isotopic mass- -

may be calculated as:
Isotopic mass of chlorine

_%of C1*

100

=B w354+ 2 x37=355
100 100

x mass of C1%7

. 37
x mass of C135 + W
<100

V OR
Isotopic mass of chlorine =~ i
_ Ratio of C1** x mass of C1** + Ratio of C1*7 x mass of C1%7
Sumof ratio

=3x‘§5+1x3?=35~5

2.23 THEORIES OF NUCLEAR STABILITY

Since, a nucleus contains positively charged protons, there must
exist a strong repulsive force between them. It has been
calculated that there exists an electrostatic repulsion of

approximately six tons between two protons situated at a nuclear -

distance but at the same time the forces which bind the nucleus
are very high. It has been found that nuclear forces attracting the
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same two particles (i.e., protbns) are at least forty times greater
than the repulsive forces, Thus, two major forces exist in the
nucleus. These are ¢lectrostatic and nucléar. The nuclear forces

are stronger and the range of these forces is extremely small. The

. forces which .operate between nucleons are referred to as

exchange forces. In order to account for the stability of the
nucleus, a theory known as meson theory was put forward by

- Yukawa, in 1935. Yukawa pointed out that neutrons and protons

are held together by very rapid exchange of nuclear particles
called pi mesons. These mesons may be electrically neutral,
positive or negative (designated as ©°, n* and 7~ Yand possess a -
mass 275 times the mass of an electron. Nuclear forces arise from
a constant exchange of mesons between nucleons with very high
velocity (practically the velocity of light).

Let a neutron be converted into a proton by the emission of a
negative meson. The emitted meson is accepted by another
proton and converted into a neutron. ’

O mopen
T+ pp —ng

Similarly, a proton after emitting a positive meson is
converted into a neutron and vice-versa.

‘ pyony+n’

nt +n g pg

p==1n"+n

or simply
nT=—®n +p

There may be two more types of exchange, ie., between

neutron-neutron and proton-proton, involving neutral pi mesons.

r n_. 20 2
Sn® Su® orsimply p=——=p and n=—n
0 0
P n ) }n bia

Mass Defect—Binding Energy

It is observed that the atomic mass of all nuclei (except
hydrogen) is different from the sum of the masses of protons and
neutrons. For example, the helium nucleus consists of 2 protons
and 2 neutrons. The combined mass of 2 protons and 2 neutrons -
should be :

=2x 100758+ 2x 1.00893
= 4.03302 anu

The actual observed mass of helium nuclei is 4.0028 amu. A
difference of 0.0302 amu is observed between these two values.
This difference is termed as mass defect, '

Mass defect = Total mass of nucleons - Observed atomic mass

This decrease in mass (i.e., mass defect) is converted into
energy according to Einstein equation E= mc?. The energy
released when a nucleus is formed from protons and neutrons is -
called the binding energy. This is the forge which holds all the=
nucleons together in the nucleus. Binding energy can be defined in
other ways also, i. e, the energy required to break the nucleus-into
constituent protons and neutrons. Binding energy is measured in

MeV (Million Electron-Volts), i.e., 1 amu = 931MeV.

Binding energy = Mass defect X 931MeV
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~ Binding energy can also be calculated in erg. Thisis
=Mass defect (amu) %x1.66% 1072 x (3% 10'°)? erg
(1MeV=1.60x 10° erg)

The binding energy increases with the increase in atomic
aumber of the element. This indicates that heavier nuclei should

~ be” more stable than lighter nuclei. But, it is not so because

heavier nuclei above atomic number 82 are unstable. It is thus
clear that total binding energy of a nucleus does not explam the‘

. stability of the nucleus.

The total binding energy of a nucleus when divided by the
number of nucleons gives the average or mean bmdmg energy
per nucleon. The binding energy per nucleon is actually the
measure of the stability of the nucleus. The greater the binding
encrgy per nucleon, more stable is_the nucleus,

T
Binding energy per nucleon = otal binding energy

. ‘ Total number of nucleons

When binding energy per nucleon of a number of nuclei is
plotted against the corresponding ‘mass number, a graph is

. obtained (Fig. 2.19) whose characteristics are as follows:

Region of
greatest stability

oy
o

Fission -

R—

w W

. 239
F 19754 g;m;f“

Binding energy per nucleon (MeV)
- NW ;M N

0 20 40. 60 BO 100 120 140 160 180 200 220 240
“Mass number, A ——»

_ Fig. 2.19 <
(i) Binding energy per nucleon increases from 1.1 to 8.0
MeV from mass number 2 to 20.
(i1) Binding energy per nucleon increases from 8 to 8.6 MeV
from mass number 20 to 40. '
(iii) Binding energy per nucleon remains 8.6 — 8.7 MeV from .
mass number 40 to 90. Iron (56) has the maximum value
of 8.7 MeV per nucleon.
(iv) The value of binding energy per nucleon decreases from
8.6 to 7.5 MeV from mass number 90 to 240.
* (v) Points for helium, carbon, oxygen lie quite high in the
graph showing that these nuclei are highly stable.
The binding energy per nucleon can be increased in two ways:
(i) Either by breaking heavy nucleus to those of
intermediate mass numbers (process of fission) or -
(n) By fusing lighter nuclei to form heawer nuclei (process
~ of fusion).

G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS

THE WHOLE NUMBER RULE AND
PACKING FRACTION

Aston believed that mass number values (sum of protons and .
neutrons) of isotopes should be whole numbers on the scale of
oxygen ( '°0=16) but actually it was observed that these were

~ not integers. The difference in the atomic mass of an isotope and

mass number was expressed by Aston (1927) as packmg

! fractmn by the followmg expression:

Packing fraction = Isotoplc ?tormc mass — Mass number % 10°
Mass number
Thus, the packing fraction of 'H= I—OE;;—E x10% = 78and
the packing fraction of *Cl =&§(§35—'° x 10° =—5.7. The

packing fraction of oxygen is zero.

It is clear that the value-of packing fraction varies' from one———

atom to other. ThlS is sometime posnwe or zero but more often
negative. :
A negative packing ﬁ'actlon means that atomic mass is less
than nearest whole number and this suggests that some mass has
been converted into energy when the particular isotope has been
constitated, This energy is responsible for nuclear stability. All
those having negative values of packing fraction are stable
nuclei. :
A positive packing fraction generally indicates instability of
the nucleus, However, this statement is not correct for lighter

- nuclei.

In general, lower the value of packmg fraction, the greater is
the stability of the nucleus. The lowest values of packing
fractions are observed for transition elements or iron' family
indicating thereby maximum stability of their nuclei.

5 THE MAGIC NUMBERS

It has been observed that atoms with an even number of nucleons
in their nuclei are more plentiful than those with odd number.
This indicates that a nucleus made up of even number of nucleons
is more stable than a nuclei which consists of odd number of
nucleons. It has also been observed that a stable nuclei results
when either the number of neutrons or that of protons is equal to
one of the numbers 2, 8, 20, 50, 82, 126. These numbers are
called magic numbers. It is thought that the magic numbers form
closed nuclear shells in the same way as the atomic numbers of
inert gases form stable electronic configuration. In general,
elements that have nuclei with magic number of protons as well
as magic number of neutrons such as 3He, 60, Ca, 2B Pbare
highly stable and found in abundance in nature.

A survey of stable nuclei found in nature shows the following
trend: . ~

Even

Protons Even Odd . Odd :
Neuirons Even Odd Even Odd
No. of stable nuclei = 157 52 50 5

Only five stable odd-odd nuchdes are known; these nuclides
are 2H, 6Ll, mB Nand ‘
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;1o ee8 W SoME SoLvED EXAMPLES) 3:::::;

Example 46. The minimum energy required fo overcome
z‘ke attractive forces between an_electron and the surface of Ag
metal is 5.52% 107" J. What will be the maximum kinetic energy

of electrons ejected out from Ag which is bemg exposed to UV
light of \ = 360.4?

Solution: Energy of thephoton absorbed
h-c 6.625x107% x3x10"

A 360x10°8

=552x 107" erg

=552x107"% ¥ ,

E(phdton) = work function + KE »
KE=552x10""% = 7.52x107"
=4768x107° ]

T Example 47. Let a light of wavelength ) and intensity ‘I’
strikes a metal surface to emit x electrons per second. Average

energy of each electron is 'y’ unit. What will happen to ‘x’and *y
when (a)A is halved (b)intensity I is doubled?

Solution: (a) Rate of emission of electron is mdependem of
wavelength. Hence ‘x” will be unaffected.”

Kinetic energy of photoelectron Absorbed Threshold e

energy energy -

yE——W

. A ;
when, A is halved, average energy will increase but it will not
become double.

(b) Rate of emission of electron per second ‘x’ will become
double when intensity I is doubled. Average energy of ejected
electron, i.e., ‘y’ will be unaffected by increase in the intensity of
light. -

. “"Example 48. How many orbits, orbitals and electrons are
there in an atom having atomic mass 24 and atomic number 12?
Solution:
Atomic nuraber = No. of protons =No. of electrons = 12
Electronic configuration = 2, §,2
No. of orbits = (K, L and M)
No. of orbitals on which electrons are present
= (one Is + one 25 + three 2p + one 3s) ‘
% Exampled9. A neutral atom has 2K electrons, 8L
electrons and 6 M electrons. Predict from this:
(a) its atomic number, (b) total number of s-electrons, (c) total
number of p-electrons, (d) total number of d-electrons.
Solution: (a) Total number of electrons -
' =2+ 8+86)=16
So, Atomic number =16 :
Electronic configuration = 1s%, 2s22p% , 3¢? 3p

(b) Total number of s-electrons = (Is? + 25> + 3s2)=6
(c) Total number of p-electrons = (2p° +3p*)=10
(d) Total number of d -electrons = 0.

" Example 50. Write down the values of 'quantum numbers
of all the electrons present in the outermost orbzt of argon
{41 No. 18).

Solution: The electronic conﬁguration of argon is
' 1s%,2522p5, 3s23p33p§3p3

' Values of quantum numbers are:
)

n m s
3s? 3 0 0 +h.-%
a3 1 +1 + %4
3p} 3 1 +1 +Y%,- 4
3p§ - 3 1 0 + /l/, —XZ )
- ExampleS51. (a) An electron is in Sf-orbital. What

possible values of quantum numbers n, [, m and s can it have?
(b) What designation is given to an orbital having
O n=2l=land (i) n=3,1=0?
Solutlon' (a) For an electron in Sf—orbltal quantum numbers

are: T

n=5;,1=3; m=-3, 2 10+1+2+3

and s =either + %or - 1

D@ 2p, (D)3
s gExample 52. Atomic number of sodium is 11. Write down

“the four quantum numbers of the electron having highest energy.

Solution: The electronic configuration of sodium is:

1s%,2522p8 35
3s-electron has the highest energy. Its quantum numbers are:

n=3,}§=0,m=0,s‘=+-§or—l

Example 53.. A4n element has 8 electrons in 4d-subshell.
Show the distribution of 8 electrons in the a'-orbztals of the
element within small rectangles.

Solution: 4d-subshell has five d-orb:tals These are first

occupied singly and then pairing occurs. The distribution can be
shown in the following manner

Fumm] T T}

.. Example 54. How many elements would be in the third
period of the periodic table if the spin quantum number m, could

have the value — :; ,0 and + % ?

_ Solution: .
}1:3,1:0,1?1'—' ms=v}é>0!+}/2
- m, =-,'/,0;%
1:1;m=—1,0,+1< msF%,O,Jr‘/E
) ms‘”“—%’o’-f/l/g
. =_%,0’+% -
for each value of
I=2 m=-+2,-1,0,+1+2 magnetic -
quantum no. .
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Number of elements = 3s (3e)
| 3p (%)
3d (15¢)
. 27 elements will be there in third period of penodlc table
. Example 55. The binding energy of 3He is 28.57 MeV.
What shall be the binding energy per nucleon of this element?

Solution: The nucleus of 5 He consists of 4 nucleons.

Total binding energy

So, Binding energy per nucleon = :
: No. of nucleons
, = -2—852 =714 MeV

Example 56. - Calculate the binding energy of the oxygen
isotope ]86 O. The mass of the isotope is 16.0 amu. (Given

e=0.0005486amu, p=1.00757 amu and n=1.00893 amu.) --
Solution: The isotope- 'sO contains 8 protons,
8 neutrons and 8 electrons.

Actual mass of the nucleus.of 's O

= 16— mass of 8 electrons

Aﬂlﬁﬂﬁ'mef
These examples will give zfte sharp edge to tize aspzrants for
HT and various other entrance examinations.

Example L. The Schridinger wave equation for hydrogen
atom is
3/2
Was = ! { L ] iiZ— —'-‘9-} g%
42n 4 %o

where a is Bohr radius. If the radial node in 2s be ary, , then

find rin terms of ag. (HIT 2004)
Solution: Given, ‘
3/2
e 2
4 \4% a9 _

w3, = 0at node

K =2a,

- Example 2. Consider the hydrogen atom to be a proton
embedded in a cavity of radius ay (Bohr radius) whose charge is
neufralized by the addition of an electron fo the cavilty in vacuum
infinitely slowly. Estimate the average total energy of an electron
in its ground state in a hydrogen atom as the work done in the
above neutralization process. Also, if the magnitude of average
KE is half the magnitude of average potential energy, find the
average potential energy. (IIT 19%6)

G. R.B. PHysICAL pHEwsmv FOR CDMPET!TIONS

=16-8x 0.0005486 =13, 9956amu

Mass of the nuc:leus of 16 0

- '=mass 0f 8 protons + mass of 8 neutrons

=8x 1.00757 + 8§ x 1.00893 = 16. 1323mu'

Mass defect = (16 132 15.9956) = 0.1364 amu
Binding energy =0.1364 x 931=127MeV

Example 87. There are four atoms which have mass
numbers 9,10,11 and 12 respectively. Their binding energies are
54,70, 66 and 78 MeV respectively. Which one of the atoms is
most stable? '

Solution: Stability depends on the value of binding energy
per nucleon. ‘ .
A B C D
Binding energy {McV) 54 70 66 78
No.ofnucleons 9 10 11 12
Binding energy per nucleon (MeV) 6 7 6 65

Thus, B is most stable.

. MISCELLANEOUS NUMERICAL EXAMPLES.Z, 7/%/

Selution:
Coulombic force of attraction = Centnfugal force
1 Zexe - mo?
47580 a(2) ao

-where, v = velocity of electron

a, = distance between electron and nucleus

1 Ze 2
e =Y
47:50 ao ’
, 1 zZe?
= —— U = :
2 - dme, ‘Zz.o-
PE=-2xKE L
i z 2
mox Nzt 1 Ze
4nel - 204 dne, ay

‘E’xampl‘e?a Hydrégen atoms are excited from groimd

state. Its spectrum contains wavelength 486 nm. Find, what

transition does the line corresponds to. Also find from this
information what other wavelengths will be present in the
spectrum?

Solution: Wavelength 486 nm, i.e., 4860 A indicates that
the spectrum is in visible region, i e., Balmer series.
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10967776 12 [-.1.. - —1—}
4860x 107 28l
- On solving, we get

n; =16

n, =4

Thus, transition is from, 4 — 2
Other transitions in the spectrum are

45352
L 10967776 x 12 x _’.-._1_} |
A 32 42
A=1875%10"7 em

Example4 If uncertainties in the measurement of
position and momentum- of -an electron are - equai calculate
uncertainty in the measurement of velocity. ‘

Selution: According to Heisenberg’s uncertainty principle,

‘ h
Ax. Ap 2 —
P 4n

Given, Ax=Ap = J% =0.726x 107"
o : 1

Ap=mAV ,
A -7
or AV:i._w_ngm”
m 9.1x107"

Example 5. How much energy will be released when a
sodium ion and a chloride ion, originally at infinite distance are
brought together to a distance of 2.76 A (the shortest distance of
approach in a sodium chloride crystal)? Assume that ions act as

point charges, each with a magnitude of 1.6x107° C. -

Permittivity constant of the medium is 9x 10° Nm*C ~2.

Selution: VEnergy released ,
) 9 —19 12 :
——K q q2=__9x10 % (L6x1077) =—'8.35x10"91
r - 276x1071°
.Example 6. The angular momentum of an electron in a

Bohr orbit of H-atom is 42178 x 107* kg m*/sec. Calculate the
spectral line emitted when an electron falls from this level to the
next lower level.

Solution: We know, mv'r; n %

, 8626 x 1073
2x 314

42178%x 107 =

\ 107

1 1
= 1096?8[;2- ~ F}
A=18x10"* cm
Example7. A negatively charged j’)article called

Negatron was discovered. In the Millikan's oil-drop expériment,
the charges of the oil-drops in five experiments are reported as
32x 107" coulomb; 4.8 % 107" coulomb; 64 x 107" coulomb;
8x 107" coulomb and 96 x 107"° coulomb. Calculate the charge
on the negatron.

Solution:

In Millikan’s oil-drop experiment; the charges on

the oil-drops are integral multiples of the charge of the particle.

o)

- (iii)

V)

* Dividing the charges of droplets by the lowest charge:

32x107"7 L 48x107?

32x107" @ Sox10®

64x107° 8x 107" L
32x107° ™ ox10®

96x107"°

323107 -

All the values are not integral; they can be converted to
integers on multiplying by 2.

.. .Charge of the negatron will be

_19 .
32x10 7 ) ex10 ¢

Examples %en a certain metal was 1rrad1ated with
light of frequency 32x 10'® Hz, the photoelectrons emitted had

twice the kinetic energy as did photoelectrons emitted when the -
same metal was irradiated with light of frequency 2.0x 1016 Hz.

Calculate v for the metal.

Dividing equation (i) by equation (ji),

or

or

Selution: Applying photoelectric equation,
KE = hV - ;?VO
or V—vy)=—
| (v=vo)=—
Given, KEZ = 2KE|
. KE '
VZ-V():-—h-z— ..f(l)
- and v,—v0=—h‘— S (i)

—v0=KE2=2KE, PN
vi-vy KE; KE,

Vo =2V, ~V, = 2(;.0>k 10")— (32x10'%)

=8.0x10" Hz
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.~ Example9. An electron moves in an electric field with a
kmezzc energy of 2.5 eV. What is the associated de Brogz’ze
- wavelength?

Solution: Kinetic energy
| (053]
==mo° | V= —
2 mA
()
=—m| ——
2 \mh
1R
2 mA2
2
-or A= 1_h
2 mxKE
, m=9.108x102 g
A= h=6.626x 107" erg -sec |
2mxKE | |ov-1.602x10712 erg
"""" _ 6626x 1077 |
V2% 9108 107 x 2.5x1.602x 1072
) =77%x10% cm

¥ Example 10.- Consider the following two electronic
transition possibilities in a hydrogen atom as pwtured below:

: n=3 ‘

’ n=2

b ‘ n=1

(a) The electron drops from third Bohr orbit to second Bohr ‘

orbit followed with the next transition from second to first Bohr
orbit.

(b) The electron drops Jfrom. thm:i Bohr orbit to first Bohr
orbit directly. Show that the sum of energies for the transitions
n=3ton=2andn=2ton=1is equal to the energy of transztton
Jorn=3ton=1

2

Solution: Applying, AE =Ry _1__._]-
nt o

Forn=3ton=2,; ) ,
‘ 1 1] 5
AE, ., =Ry |—

32 H[zz‘ 32— 36
Forn=2ton=1,;
. 1 1] 3 .
AEZ-—)I =R“ 1:1—2_52‘ zRH XZ .. .(ll)

Forn=3ton=1;

—— =Ry x= )

1o 8
QE3->1’=_‘R_H'[:'1'2—_3_2]3RHX'§ E .. (iii)

Adding equations (i) and (ii),

5.3 5427 . . 8
'R =R =Ry X=
, H[Bé 4] H[%} 7%

Thus, AE; =AE3—>2 +AE,

Example 1. If an electron is moving with velocity
500 ms™", which is accurate up to 0.005% then calculate
uncertainty in its position. [h = 6.63x 10~ 34 Js, mass of electron
=91x 1073 kg] [AIPMT (Mains) 2008]

Selution : Uncertainty in velocity L
Ap= 600 x 0.005 =3x10"2ms"!
100 ,
Accordmg to Heisenberg’s uncertamty prmcnple -
AxAv > __h_.
4ntm
Ax 2 h
4nmAv
S 6.63x 107
T 4x3. 14><9 1x107*" x3x 1072
=1.9x% 10 m

Exampie 12, Applymg Bohr's model when H atom comes
from n=4 to n=2, calculate its wavelength. In this process,
write whether energy is released or absorbed? Also write the
range of radiation. R;; =2.18x107' J, h=6.63x 103 Js.

(AIPMT 2008)
Solution : Energy is released in this process; and the radiation
will belong to visible region (Balmer series) :

hc 2 1 1
Ezrli=R 7| — ——
A

_218x107 " x P [_1__ 1]
6.63x 107 x 3% 10® 16
2.18x10° ¥ x 12 [3}

T 6.63x 107 x3x10° | 16

-~ 34 8 .
h=t ><3102 18>< 31:-1;2. X160 _ 4866x 10" °m
X2, 18% ’ i

= 4866 A
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SUMMARY AND IMPORTANT POINTS TO REMEMBER

1. Atom is the smallest indivisible particle of matter
{proposed by John Dalton in 1808).

2. All atoms except hydrogen atom are composed of three
fundamental particles, namely, electron, proton and neutron.
Hydrogen atom has one electron and one proton but n® neutron.

. (a) Electron: The nature and existence of electron was
established by experiments on conduction of electricity through
gases, I.e., discovery of cathode rays. In 1897, J.J. Thomson
determined e/m value (~1.7588x 10° coulomb/g) and proved

that whatever gas be taken in the discharge tube and whatever be
the material of the electrodes, the value of ¢/ mis always the same.
Electrons are, thus, common universal constituents of all atoms.

~1.60x 10‘19 coulomb ie, one . unit negatlve charge and has

mass 9.1x 107 g (or 9.1x 107 kg), i.e, -Eé—th mass of

hydrogen atom (0. 000549 amu). The name electron was given by
Stoney.

(b) Proton: The nature and existence of proton was
established by the discovery of positive rays (Goldstein 1886).
Proton is a subatomic particle which carries +1.6x 107"
coulomb or one unit positive charge and has mass 1.672x 107! g
(or 1.672x 107%" kg), i.e., 1.0072 amu. The e/ m was determined
by Thomson in 1906 and the value is +9.579 x 10* coulomb/g. It
was named as proton by Rutherford. -

{¢) Neutron: It is a subatomic particle which carries no
charge. Its mass is 1.675x 1072 g (1.675x 107" kg) or 1.0086
amu. It is slightly heavier than proton. It was discovered by
Chadwick in 1932 by bombarding beryllium with a—pamcles

9Be+ fHe — 2 c+ on

The e/ m value of neutron is zero. '

3. According to the Rutherford’s model of atom, (i) it
consists of nucleus of very small size and high density
(i1) electrons revolve round the nucleus in a circular path.

Radius of nucleus =107° m

Density of nucleus =10® tonnes/cc
4. Atomic number (Z) = Number of protons in the nucleus

5. Mass pumber (4)=Number of protons +Number of
neutrons

6. Isotopes: These are atoms of same element having
same atomic number but different mass numbers, e.g.,

(G H, IH, TH): (7€, (7€)

7. 1Isobars: These are atoms of different elements havmg
same mass number but different atomic numbers, e.g.,

18Afa 19[(, 20C3

8. Isotones: These are atoms of different elements having
same number of neutrons in the nucleus, e.g.,

140/, 1 16,
aC: BN, %0

9. Electromagnetic radiations are energy waves containing
both electric and magnetic vector perpend1<:u1ar to each other.
(i) These are transverse waves.

(i) They do not need any medium for their propagatlon They
travel with the velocity of light. -

@iil) v= }: ,v = frequency, ¢ = velocity of light,
* A = wavelength '
V= {.“: wave number, "1“ = time penod e

. ‘ , v ,

(iv) According to Planck’s quantum theory, the energy is

~ emitted or absorbed in the form of energy packets called quanta

Quantum of visible light is called photon.
Energy of one quantum = Av

=h£
A -

h = Planck’s constant
- =6626x 107 Jsec

10. Hydrogen specfrum: ‘Hydrogen spectrum is a line

‘spectrum. The lines lie in visible, ultraviolet and infrared regions:

All the lines can be classified into five series. Ritz presented a
mathematical formula to find the wavelengths of various lines,

1 - 11
_:.:\,'=R [
A Lf ni}

where, R is Rydberg constant (R = 10 9678 cm"l)

ny ny

Lyman serios (UV region) 1 2,3,4,5,...
Balmer series (Visible region) 2 3,4,5,6,... .
Paschen series ‘ 3 ‘ 4,5,6,7,...
Brackett series (IR region) 4 5,6,7,8,...
Pfund series - 5 6,7,8,9,...

Balmer series consists of four prominent lines H,,, Hg, H, and
Hg having wavelength 6563 A, 4861 A, 4340 A and 4102 A

respectively.

Balmer equation s,

1 1 1
2apl oL
i [22 n2]

where, n=3,4,5,6,...
The Rydberg formula is used to calculate the wavelength of
any line of the spectrum
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where, x = number of lines in the spectrum; x = oo for series limit
or last line. Let, transition of electrons takes place from 7, to i,
shell then the number of lines can be calculated as:

= Xny —n +1)
2

11. Bohr’s atomic model: It is based on Planck’s
quantum theory. Its main postulates are summarised as:

(i) Electrons revolve round the nucleus in circular path of
fixed energy called stationary states. ,

(ii) Angular momentum of electrons are quantised, i.e.,

()
mor=n|-—
2n
(iii; The energy as Hwe{ll as angular momentum both are
quantised for electrons. It means they can have only certain

Number of lines = (2

- values of energy and angular momenta.

12. Important formulations - obtained from Bohr’s

atomic model which are valid for smgle electron specnes like -

H, He*, Li¥, Be, ete.:
(i) E\ <E, <E;<E, :
(i) (E; —E|)>(E; —E,)>(E4 — E3 )
where, E| E, E, 5 .are energies of correspondmg shells,

2
(i) = h
.- 4n’® Ke? mZ '
K =-—1— =9x10° Nnﬁ«fc2
4ne,

2 . : . : '
:%x().529A‘(where, r is the radius of Bohr orbit of

.

electrons.)

(iv) Energy of electrons ina pamcular shell can be calculated
as: .

. 22 ,
E=-2-x%2179x10"" Jatom

n2

- 2
=— ?T x13.6eV
n
2

=—§~4x 1312 k¥/mol
) nz .
Z’R;
n?
Ry =—13.6 ¢V (Rydbetg energy)
' 2

(V) E, =E,/n*,E, =E, x -%—2-— for hydrogen-like species.
nt .

E,=

(vi) Velocity of electrons in a particular shell or orbit can be
calculated as;

pE
mr T
where, K = =9x 10° Nm?/C?
4ne,
z e
v =—x2.188x 10" cm/ sec
. n
(vn) Potential energy of electrons in a pamcular shell:
ppo K2 212 50y
¥ nz

: (Viii) Kinetic energy of electrons in a particular shell:

2
ke=- X2 _ DBzoay
2 r n
Total Energy,TE——lee : :
TE:—PE’\
-2
TE=-KE .

(ix) Number of revolutions per second by an electron in a
sheli: . ‘ .
_ Velocity _ v __E "

- Circumference 2nr - h p°
(x) Frequency of electrops in rith orbit:
. z) A

"o
_662x10°2°2
'?‘23 . H :
{xi) Period of revolution of electrons in nth orbit (T, ),
2w 15x107'%p3

T, =—=—
v, z?
. 3
. n
L Toee—
Zz

. (xii) lonization energy =E., ~ E,

5
=0~ —z—x 13.63’\/].

72
=—X 136eV
n .
-7 2 v
=2 _x21.79x 107" J/atom
o 2 o
(i) L = axn
‘ : 12 . Zg‘ ny
I, and I, are ionization energies of two elements 1 and 2.
(xiv) AE“(Energy of transition) = R —-15- - —1? ‘
L : noom

Rg=-136eV
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" Ry =Rydberg constant = % = 109677 cm ™
, c .

Defects of Bohr theory: (i) It fails to explain the spectra of
multi-electron atoms. (i1) It fails to explain fine spectrum of
hydrogen. (iii) It does not provide an.explanation why angular
momentum should always be an integral multiple of A/2x. (iv) It
. does not explain splitting of spectral lines under the influence of

magnetic field (Zeeman effect) and electric. field (Stark effect).

13. Sommerfeld’s extension: Sommérfeld (1915) introduced

‘the. idea of elliptical - orbits. Except first orbit which is only
circular, the other orbits are elliptical. The second orbit has one
elliptical and one circular suborbit. The th1rd orb1t has two
elliptical and one circular suborbit.

14. " Dual nature: Light has dual character, i.e., it behaves
sometimes like particles and sometimes like waves. de Broglie
(1924) predicted that small particles such as eléctrons should
show wave-like properties-along with particle character. The
wavelength-(X)-associted-with a particle of mass m and-moving
with velocity v is given by the relationship A = Lv ; where, 4 is

m
~ Planck’s constant. '

The wave nature was.confirmed by Dav1sson and Germer ]
experiment.

Davisson and Germer gave some mod1f1ed equations for
calculation of de Broglie wavelength:

A= ; where, E = kinetic energy of the patticle.
v2Em
A= _h ; where, ¢ = charge of the particle accelerated by
R 2qu . .
the potential of V' volt.

15. Heisenberg uncertainty prmcnple
measure simultaneously :both the position and momentum of any
microscopic  particle ~ with  accuracy. = Mathematically,
AxAp = L3 ; position and

47

where, Ax=uncertainty in

Ap = uncertainty in momentum. It introduces the concept of
probability of locating the electron in space around the nucleus.

16. de Broglie concept as well as uncertainty principle have
no s1gn1ﬁcance in everyday life because they are s1gn1ﬁcant for
only microscopic systems.

17. 'When radiations of a cenam minimum frequency ),

‘called threshold frequency, strike the surface of a metal, electrons
called photoelectrons are ejected from the surface. The minimum
energy required to eject the electrons from the metal surface is
called threshold energy or work function. -

"Absorbed energy = Threshold energy + Kinetic energy of
‘ photoelectrons
E=E;+KE

hv=hv, +%mv2

~ashell.

Itis impossibleto (dysdyns drd

‘number of orbitals present in a main energy level is

- Spin angular momentum =

vy and A, are called threshold frequency and threshold
wavelength respectively. '

18. Quantum numbers: The set of four integers required
to define an electron completely in an atom are called quantum .
numbers. The first three have been der1ved from Schrodlnger ]
wave equation. .

(i) Principal quantum number: It describes the name,

- size and energy of the shell to which the electron belongs.

n=12734,. .representK L,M,N,.

shells respectively.

Formulae for radius, energy and angular momentum of
electrons are given earlier. -

(ii) Azimuthal quantum number: It is denoted by ‘I’. It
describes the shape of electron cloud and number of subshells in

1=0,1,2,3,...,(n—1)
=0 (s-subshell); /= 1(p- subshell),l 2 (d-subshell);

1=3 (f-subshell).
Orbital angular momentum of electron

=i+ 1)21= I+ 1)“7:
/1 .

when /=0, electrons revolve in a circular orbit and when /# 0,
the electrons revolve round the nucleus in an elliptical path. -
(iii) Magnetic quantum number: It is denoted by ‘m’. It
describes. the orientations of the subshells. It can have values
from —/to +/ 1nclud1ng zero, I.e., total (2/ + 1) values. Each value
cotresponds to an orbital. s—subshell has one orbital, p-subshell
has three orbitals (p,, p, and p,), d-subshell has five orbitals
2 andd ,) and f-subshell has seven

orbitals. One orbital can -accommodate either one or two
electrons but not more than two. s-orbital is spherically
symmetrical and non-directional: p-orbitals have dumb-bell
shape and are directional in nature. Four d-orbitals have double

dumb-bell shape but d has a baby soother shape. The total
. 2 b

(iv) Spin quantum number (s): It describes the spin of the
electron. It has values +1/2 and —1/2.: (+)- signifies clockwise
spinning and (-) signifies anticlockwise spinning. -

h
s(s+1)—
(s )27'5 T
=£h [where,s=—1j
2 2

L . 1 :
Total spin of an atom or an ion =n XE; where, ‘n’ is the

s(s+1)

number of unpaired electrons.
Spin multiplicity of an atom = (2Zs +1)



<
kS
Z’.‘

#
§
1

112 l

Singlet state (Normal) Singlet excited
1R -

Spin multiplicity - 17 .
=255 +1 Spin multiplicity = 1
=2x0+1=1 “

Triplet excited state
1T

_ 1

Spin multiplicity

=2x[—1-+—1]+1=3
272 |

19, (i) Number of subshells in a shell = n
(ii) Number of maximum orbitals in a shell = n*
~ (iii) Number of maximum orbitals in a subshell = 2/ + 1
(iv) Maximum number of electrons in a shell = 2n?
(v) Maximum number of electrons in a subshell
=2A2+1)
(vi) Z~component of the angular momentum depends
. upon magnetic quantum number and is given as:

4 h A
L =m{3,)
(vii) Number of radial/spherical nodes in any orbital
=(n=1=1

1s orbital has no node; 2s orbital has one spherical
node; 2 p orbital has no spherical node; 3 p orbital has
one spherical node.

- (viii) Schrodinger wave equation does not give spin
quantum number. :

(ix) A plane passing through the nucleus at which the

probability of finding the electron is zero, is called
-nodal plane.
The number of nodal plane in an orbital = /

s-orbitals have no nodal plane; p-orbitals have one

nodal plane, d-orbitals have two nodal planes and so

on. L o
20. Pauli’s exclusion principle: No two electrons in an
atom can have the same set of all the four quantum numbers, i.e.,

an orbital cannot have more than 2 electrons because three - -

quantum numbers (principal, azimuthal and magnetic) at the
most may be same but the fourth must be different, i, e., spins
must be in opposite directions. It is possible to calculate the
maximum number of electrons which can be accommodated on a
main energy shell or subenergy shell on the basis of this
principle.

21. Electronic configuration: The arrangement of
electrons in various shells, subshells and orbitals in an atom is

termed electronic configuration. It is written in terms of n/*
where n indicates the order of shell, / indicates the subshell and x
the number of electrons present in the subsheli.

G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS

22. Aufbau principle: Aufbau is a German word meaning
building up. The electrons are filled in various orbitals in an order
of their increasing energies. An orbital of lowest energy is filled
first. The sequence of orbitals in the order of their increasing
energy is:

s, 25,2p, 35, 3p,4s, 3d, 4p, 55,4d, 5p, 6s, 4f, 5d, 6p, Ts, 57, 6d

The energy of the orbitals is governed by (s + /) rule.
(1) Subshell with lower of (n +1) has lower energy, hence
filled first, e.g.,
3p(n + 1 =4)will be filled before 3d(n + = 5).
{(ii) When (n + /) values are same, then ‘the subshell with
lower value of ‘n’ is filled first, e. 2.,

3p(n+1=4) will be filled before 4s(n+1=4)

because 3p has lower value of n.”
23. Hund’s rule: - No electron pamng takes place in the
orbitals in a subenergy shell until each orbital is occupied by one

~ electron with parallel spin. Exactly half- ﬁlled and fully-filled

orbitals make the atoms more stable, i.e., p.pt.d s,d" f!
and /' configurations are most stable.
All those atoms which consist of at least one orbital singly

occupied behave as paramagnetic while all those atoms in

which all the orbitals are doubly occupied are diamagnetic in
nature.

.Magnetic moment = {rn(n +2) BM -
n = number of unpaired electrons

24. Half-filled and fully-filled subshells have extra stability
due to greater exchange energy and spherical symmetry

- around the nucleus.

25, Itis only dz” orbitals which do not have four lobes like
other d-orbitals.

26. The d-orbital whose lobes lie along the axes is dx2 e

27. Wave mechanical model of atom: It was
Schrodinger who developed a new model known as wave
mechanical model of atom by incorporating the conclusions of de
Broglie and Heisenberg uncertainty principles. He derived an
equation, known as Schrodinger equation. '

dly d’y dly. 3:: m
+ +
&’ bt &P
The solution of the equation provide’s data which enables us to
calculate the probability of finding an electron of specific energy.
It is possible to determine the regions of space around the nucleus
where there is maximium probability of locating an electron of
specific energy. This region of space is termed orbital.
Wy is the amplitude of the wave at a point with coordinates
x, yand z. ‘E’ is total energy called eigen value and V denotes the
potentlal energy of the electron:
q: gives the probablllty of finding the electron at{x, yand z)
Operator form of the equation can be given as:

Hw = Ey

(E-V)w=0



H=|- k2 A? +V |called Hamiltonian operator
8 m -

T= Kinetic energy operatot
¥ = Potential energy operator
28. Complete wave function can be given as;

L w(n0,0)= R(») ;0(0)%(¢)

Radial part  Angular part

Dependence of the wave function on quantum number can be

given as:

Vi (0, 8)= R, ; ()0, (8) D, (9)

29. Graph of radial wave function ‘R*: At node, the

value of ‘ R’ changes from positive to negative.

25 ‘ o 2p
R Node R

\/

r—

r —>

Number of radial nodes = (1 — - 1).

g

ATOMIC STRUCTURE

30. Plot of radial probability density ‘R **;

r —»

—

31, Plot of radial probubility function (4r r2R?):

In the plot of radial probability against ‘»’, number peaks, i.e.,

. . region of maximum probability =n— L
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AT
1. Match the following: : ©) Paschén series (r) Absorption spectrum
[A] o ' (d) Brackett series - (s) Ultraviolet region
(i) Aufbau principle (a) Line spectrum in visible region . :
. D ~ -
(ii) de Broglie : (b)}Onentanon of an elecfron inan [D] Match the LlSt I WIth List-L: e
orbital B ‘ Llst*1~ -  List-II
(i) Angular momentum  (c) Photon™ (@) K—shell L {p) Electrons in elliptical
(V) Hund’srule . ,(d) A= h/(mv) - : . " orbit '
- () BaImer series (&) Elech'omc configm'atlon (b) L-shell : : (9) Blectrons in circular orbit
(vi) Planck’s law . ) mor L .
(B] P , Y (c) Hydrogen atom {r) Shell of lowest energy
(i) ' Thomson _ (a)° Exclusion principle @ ftg::n atom.in ground  (s) Bohr’s atomic model
(ii) Pauli : (b) Radioactivity : ; ,
(iii)-Beoquerel -~ - - (c) Atomicmodel -~ -~ -~ -— - [El Matchthe ions of List- with the properties of List-Il: —— — —
(iv) Soddy . (d) Cathode rays , : o Listd . Listax
(v) Bohr (¢) Neutron : 0y - Di . i
(vi) Chadwick  (f) Isotopes . , @ Mn ~ (p) Diamagnetic
[C] e o A by v ‘ (q) Paramagnetic
(i) Cathode rays (a) Helium nuclei. : - {c) Zn* {r) Coloured compounds . -
(i) Dumb-bell =~ . (b) Uncertainty principle (d) Ti** (s) Magnetic moment = 2.82 BM
(ii) Alpha particles - (c) Electromagnetic radiation . o
(iv) Moseley | (@ p-orbital , » [F’] Match the List-1 with Llst~II. |
(v) Heisenberg (¢} Atomic number " ListX o - ListNI '
) (vi) X-rays D) EleCtI'OHS e " () Mg2+ (p) Zero spin multiplicity
2. Matrix Matching Problems (For IIT Aspirants): : ®) Fe* : b(q) Soi Itiplicity = 3
, oL Spin multiplicity =
[A] Match the Column-I and Column-II; ¢ e P i P R
D o , (c) Co** , : (r) Totalspin=10
Column-I - - Column-11 - s : .
: : (d) Ca** (s) Total spin=2
(a) X-rays . (p) Davisson and Germer . . . o
. . experiment : - [G] Match the properties of List-1 with the formulae in List-II:
(b) Atomic number (q) Crystal structure - ListT . o List-IT
determinatio . determinati : 4
etermination [ :n’a ion (a) Angular momentum of ~ (p) 0+ ) h
(c) Dual nature of matter (r) Moseley’s law electron ’
'(d) Dual nature of radiation = (s) . Bragg’s law (b) Orbital angular - (g o
[B] Match the Columa-I and Column-IT ) , - momentum o
Columnﬁ-l . - Column-]l () \‘:‘Vw’:::lgngth of matter (r) nh/2n
_ (a) Lyman series - (p) - Visible _reglon (d) Quantised value(s) (s) hip
(b) Balmer series (@) UV region . [H] Match the orbitals of Lxst-I with the nodal properties of
(¢) Pfundseries . . (1) IR region List-II:
(d) Light emitted by sodium (s) Line emission spectrum . List-I - List-II
lamp - B
c (a) 2s ‘ , (p). Angular node =1 -
[ ] Match the List-I with List-1I Am hydrogen atom spectrum () 1s B '+ (@ Radialnode=0
List-I ) ‘ -+ List-Il © 2p : (r) Radial node=1

@ Lyman series (p) Visible region « o (@ 3p
(b) Balmer series (q) . Infrared region '

(s) Angularnode=0

arlip



]

(@
(b)

(©
(d)

(@)
- (b)
(©)

GV

Xl

@

(b)
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Match the clectronic transitions of List-I with spectral
propemes of List-1I: CL

Lstl  © Listll

n=6——n=3 (p) 10 lines in the spectrum
n=T—sn=3 (q) Spectral lines in visible -
' region
n=5—n=2 (r) 6 lines in the spectrum
n=6—sn=2 (s) Spectral lines in infrared
: region

_Match the List-1 with List-II:

R = SR | S
Radius of electron orbit (p) Pnnmpal quantum
- number
Energy-of electron - -~~~ (q}»»Azimuthal-quantmn-
I number
Energy of subshell (r) Magnetic quantum
' number

"Orientation of the atomic (s) Spin quantum number

orbitals
Match the List- with List-11:
List-1 List-II

Electron cannotexistin  (p) de Broglie wave
the nucleus Ty

Microscopic particles in ~ (g)’ Electrdmagnetic wave

. motion are associated with

©

(d)

- [L]

(@)
(b)
(©

@

No medium is requured for (r) Uricertainty prmc1ple
propagatlon

Concept of orbit was (s) Transverse wave
replaced by orbital o i
According to Bohr theory: (11T 2006)

E, = Total energy
K, = Kinetic energy
V, = Potential energy
r, = Radius of nth orbit
Match the following:

- Column-1 ‘ - Column-II
VIK,=17" o ®) 0
If radius of nth orbit < En*; x=7 (@) -1
Angular momentum in lowest orbital (x) -2

ixzy;y=? () 1

{M] Match the List-I with List-IL:
ssmain 1

7 B O Listll
(a) Radius of nth orbital ' {p) Inversely prnpdxﬁonaltoz ,
(b) Energy ofnthshell =~ (q) Integral multiple of /2
(c) Angular momentum of  (r) Proportional to nz

electron :

(gi) Velocity of electron in nth (s) Inversely proportional to
orbit . ‘n

{N] Match the entries in Column-l with the correctly related

quantum nu’mber(s) 1n Column-II W

Coiumnel : : Cﬁﬁltﬁ’ﬂ'ﬁl‘l
(a) Orbital angula: momentum (p) Prmmpal quantum

of the electron in a hydrogen- number -
like atomic orbital = - :

(b) A hydrogen-like one electron (q) Amnuthal quantum ’

wave function obeying Pauli number -
principle . co

(c) Shape, size and orientation () Magnetic quantum k
of hydrogen-like atomic . number i
orbitals .

{d) Probability density of (s) Electron spin quantum
‘electron at the nucleus in number :
hydrogen-like atom )

[O] Match the Llst-I vgsxth Lzst~II , ~ -(IIT 2006)

K Llst-l - * List-IT
(a) Wave nature of radiation - (p) Phoboelectrlc
' o effect
(b) Photon nature of radiation - -(q) Compton effect
(c) . Interaction of a photon with an (r) Diffraction

electron, such that quantum energy
is slightly equal to or greater than
the binding energy of électron, is.
more likely to result in:

id) Interaction of a photon with an {s) Interference -
*electron, such that photon energy is
much greater than the binding
energy of electron, is more likely to
result in: '

[P] Match the Column—-! w1th Column-1I:
Column-1 B Column-II

(a) Orbital angular @) Js(s+ A2
momentum of an electron

(b) Angular momentum of . (@ yn(n+2)BM
electron . :

(c) Spin angular momentum (1) nh/2n
. ofelectron

(c;l) Magnetic moment of atom () JI (/1 + 1) 4/2%
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® Photoelectric effect

(@) vPrin(ciple of electron
micrascope

1.

[Q] Match the Column—l with Column- II

Column-l Cvlumn-ll .

(p) Wave nature’
Q@ Patticle nature -

(r) Particle nature dominates
over wave nature

(a) Scmtlllatlon
(©) Diffraction

(s) Wave nature dominates
- over particle nature

' (d) Quantized angular

G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS -

[R] Match the Column—l with Column-1I:

- Column-I . Column-ll
(a) Radial function R (p) Prmmpal quanmm
o number 7
(b) Angular function © (q) Azimuthal quantum
: ‘ -number ‘P

(¢) Angular function @ (r) Magnetic quantum

' S number ‘m’

" (8) Spin quantum number ‘s’
momentum

[A] (i—e); (ii—d); (ili—f ); (iv—b); (v—a); (vi—c)
[B] (—d); (ii—a); (iii—b); (iv—1); (v-—0); (vi—e)
[C] (i—f); (ii—d); (ili—a); (iv—e); (v—b); (vi—c)
[A] (a—q, 1, 5) (b—T) (c—p) (d—dpes not match)
[B] (H» S) (b_p) S) (C“-"I', S) (;%7 S)

[C] (a1, ) (b—p) (c—9) (d—q)*

[D] (a—q, 1) (b—p, @) (c—s) (d—p, @)

[E] (a—q, 1) (b—q, 1, 5) (c—p) (d—p)

[F] (@—p, 1) (b—q, 8) (¢—q, 5) (&—p, 1)

[G] (a—q, 1) (b—p) (c—s) (d—q, 1)

[H] (a——r, S) (b——’qa S) (C——q, P) (d“_pa 1') '

[ (a—r,5) (b—p, ) (¢—4, 1) (d—p, @)
U1 (@—p) (b—p) (c—p, 1) (d—)

[K}-{a—8)b—p)fc—qs8) (d—1) — v - - —

[L] (@—1) (b—q) (c—p) (d—s)

[M] (a—1, p) (b—1) (c—q) (d—s)

[N] (a—p) (b—s) (¢—p, 4, 1) (d—P, Q)
[O] (a—, 8) (b—p, @) (¢—p) (d—q)
[P] (a—s) (b—1) (c—p) (d—0q)

Q] (a—9) (b—1) (c—p) (d—p. 5)

[R] (@a—p, @) (b—q, 1) (¢c—1) (d—q, 5)

= VVQMPRACTICE PROBLEMS @ _

An atom of an element contains 13 electrons. Its nucleus has 14
neutrons. Fihd out its atomic number and approximate atomic
mass. An isotope has atomic mass 2 units higher. What will be
the number of protons, neutrons and electrons in the isotope?

[Ans. At. No. =13, atomic mass = 27, the isotope will have

“same number of protons and electrons = 13 but neutrons will be

14 +2=16]
. From the following find out groups of isotopes, isobars and
isotones:
lg 0, 19Ks G, 23; U, N, 3 20C mU’ 3,Ge,

Tas, 0, 5Ge, iSe
[Ans. Isotopes-—same at. no. but différent at: masses.’
160 180, 239U, 92 U; Ge, 15G
Isobars—same atomic masses but diﬁ%rent at. numbers
' '6C, NI 53Ge, 1) |
Isotores—same number of neutrons.
'50, '4C; 9K, 30Ca; JiAs, 3;Se]

An element bas atomic number 30. Its cation has 2 units

positive charge. How many protons and electrons are present
in the cation?

{Ans. Protons =30, Electrons = 28]

. Calculate the number of neutrons in 18 mL of water. (Densit);
. of water=1) :

. [Ams. 48.16x10%]

[Hint: Oné molecule of water contains = 8 neutrons] ‘

. Find (i) the total number of neutrons and (ii) the total mass of

neutrons in 7 mg of *C (assummg that mass of neutron
- = mass of hydrogen atom) :

[Ans. (i) 24.08 x 10% and (ii) 4 me]

. Calculate the wavelength of a photon in Angstroms having an

energy of 1 electron volt, ;
[Hint: 1eV=1.602x107" joule; '
h=6.62% 10"-"“ J-s, e ="3x10% ms™

h-c

;«-E— =1242x107 m=1242x10* A]

. - A photon of light with wavelength 6000 A has an energy E.

Calculate the wavelength of photon of
corresponds to an energy equal to 2E.
[Ans. 3000 A]

a light which

. Calculate the energy in kilocalorie per mol of the photons of

an electromagnetic radiation of wavelength 5700 A.
[Ans. 56.3 keal per mol]
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Light of what frequency -and wavelength is needed to ionise

~ sodium afom. The ionisation potential of sodium is

10.

11,

12,

- [Hint: A=-—

13.

14.

15.

16.

17.

‘[Ans,
“Find e/ m for He*" ion and compare w1th that for electron.

82x 107 I.
[Ans. v=1238 x10" Hz; A = 242 nm]

Determine the energy-of 1 mole photons of radiations whose
frequency is 5 X 10° s (h=662x107 J-5)

199 7]

[Ans. 4.87%107 coulombkg™"]
Aball of mass 100 g is moving with a velocity of 100 msec™
Find its wavelength.

h o 6626x10™*

1

= — =6.626x107" m]
my 0.1x100 A

Calculate the wavelength of radiation and energy per mol

. necessary to ionize a hydrogen atom in the ground state.

[Ans. A= 912xm‘3 m,1313kJ/mol]

Bond energy of F, is 150 kJ mol™ . Calculate the minimum
frequency of photon to break this bond.
[Ans. 3.759x10™ s

If an Einstein (£ )is the total energy absotbed by 1 mole of a
substance and each molecule absorbs one quantum of energy,
then calculate the value of ‘£ in terms of A in cm.
e ;

[Ans, L198x10. erg mol™' |
How many chlorine atoms can you ionize in the process?
Cl— CI" + ¢ by the energy liberated from the following
process: ’

Cl+ e — CI” for 6 x 107 atoms
given that electron affinity of chlorine is 3.61 eV and
ionization energy of chlorine is 17.422 eV.
[Ans. 124 x 102 atoms]

Find the velocity (ms™") of electron in first Bohr orbit of
radius a;. Also find the de Broglie wavelength (in ‘m”). Find
the orbital angular momentum of 2 p orbital of hydrogen atom
in units of &/ 2m. ‘
2188x106 e
e It $EC
- B
2188 x10°

[Hl v

= 2188 x 10° m sec™

h o 6626x107
mv 91x107%! x 2.188 x 10°
=33x10""m

Orbital angular momentum = JI(! + 1) Eh—

, ) C2m

h

W+ 1y —
(+n -

ik

(- 1=1for 2p)

18. The energy of an ai-particle is 6.8 x 10“8 J. What will be the

wavelength associated with it? [CBSE-PMT (Mains) 2005}

19,

20.

21.

22.

- [Hint: - :

IR I ) 4
Hinte Ao __ . 6626x107%
V2Em 2% 6.8% 1078 x4 x1.66x 107
=2.2x10"% m] N

Determine the number of revolutions made by an electron in
one second in the 2nd Bohr orbit of H-atom.

[Ans, n= nr 1

z} «
What is the speed of anelectron whose de Broglie wavelength
is 0.1 nm? By what potential difference, must have such an
electron accelerated from an initial speed zero?

[Ans, 7.28 x 10°m/sec; 150 V]

A green ball weighs 75 g; it is travelling towards observér ata
speed of 400 cm/sec. The ball emits light of wavelength
5x 107 cm. Assuming that the error in the posiﬁon of ball is

the same as wavelength of itself, calculate error in the
momentum of the green ball.

'Ax-ApZ'i O

in
h

47 Ax

Apz

h
AD D e
P = 47tA

_ 6626x107Y
4x314x5x107°

What is the relationship between the eV and the wavelength in

=1.055x 107

- - metre of the energetically equivalent photons?

23.

24,

.25,

- [Ans,

Ans. A =12.4237 x 107 metre]
[

What is the veloeity of an electron (m = 911x 107! kg) in the

innermost orbit of the hydrogen atom?
(Bohr radius = 0529 x 167'% m)

2.187 x 10®m/sec]

In a hydrogen atom, an electron jumps from the third orbit to
the first orbit. Find out the frequency and wavelength of the ‘
spectral line. (Ry = 109678 x 107 m™

[Ans. 2.925% 10" Hz, 10256A1
The energy of the electron in the second and third Bohr orbits

~ of hydrogen atom is 542 x 107 12 erg and —2.41 % 107 erg

26.

- 27,

respectively. Calculate the wavelength of the emitted rachatlon
when the electron drops from third to second orbit.

[Ans. 66x10°A]

Calculate the wavelength in angstroms of the photon that is
emitted when an electron in Bohr orbit » = 2 returns to the orbit
n=1in the hydrogen atom. The ionisation potential of the
ground state of hydrogen atom is 2.17 x 1071 erg per atom.
[Hint: Energy of the electron in the st orbit = — (ionisation
potential), AE = (3/4)x 217 x 107 erg per atom]

[Ans. A=1220A]

Calculate the wave number for the shortest wavelength
transition in Balmer series of atomic hydrogen (HT 1996)
[Ans. 27419 25 cm"] c



|

28. The wavelength of the first member of the Balmer series of

hydrogen is 6563 x 1“0"") m. Calculate the wavelength of its
second member. ‘

1 [ 1 1 1
Hint: — =Ry | —=——land — =Ry | — — —=
[ Ay ”[22 32} Ay “[zz 42}

A5 16 20
Ay 363 27

Ay = %—Q X 6563 x 107" = 4861 <107 m]
29. Accordmg to Bohir theory, the electronic energy of hyd1 ogen
atom in the ath Bohr orbit is gwen by,

~19
E =- 2176x,210 .
n B
Calculate the longest wavelength of light that will be needed
to remove an electron from the 2nd orblt of Li?*
[Ans. 4.059x10°% m]

30. Calculate the frequency, energy.and wavelength. of the
radiation correspondmg to spectral line of lowest frequency in
Lyman series in the spectra of hydrogen atom. Also calculate
-the energy of the corresponding line in the spectra of Li**

(IT 1991)
TAms. A=1216%x107 m;v =247x10" cycle sec™",
E=1636x 107" 1, E o =Z% X By —9><1636><19"9 ]
=14727%107"° J]
31. Calculate the ratio of the velocity of light and the velocity of
" electron in the 2nd orbit of a hydrogen atom. (Given

h=6.624 x 1077 erg-sec; m=9.108x 107 g;
r=211x10"% cm)
[Ans. 273.2]

32. What hydrogen-liké ion has the wavelength difference

between the first lines of Ba}mer and Lyman series equal to '

59.3 nm (Ry = 109678 cm™ Yy?

[Bint: Wavelength of 1st line in Balmer series,

o 2 1 1 ‘5 2
— = Z Ry | —— | == RyZ
A “[zz 32] 36

or g = —315
SR.Z
Wavelength of 1st line in Lyman series is,
2p [1_ 1
3»): =2k [12 72]
‘or A= J—E
: - 3XRyZ

36 4

Difference A, — A, = 593 x 107 = -t
e SRWZ> 3R4Z’

72. 88 -
593 x 1077 x 109678 X 15
octer Z =3
Hydrogen-like species is Li

2+ g
'

G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS

33. The velocity of an electron in certain Bohr orbit of H-atom
bears the ratio 1 : 275 to the velocity of light. (a) What is the
quantum number ‘n’ of the orbit? (b) Calculate the wave
number of the radiation when the electron jumps from (n + 1)
state to grouind state.

" [Ams. V=975x10%cm™]

10
[Hint: (a) VoLl 310 109><108 cm sec”
¢ 275 ) 275
. nh nh
2mmr 2mm % 0.529 < 1078 x n?
h
or = o
2m X 0529 %107 xp
B 6.625x 1077
2% 314 x 91x 1072 x 0529 x 1078 x 1.09 x 10°
= 2 . !
(b) Thus, n+ 1 =2+ 1 = 3. The electron jumps from 3rd orbit to
Ist orbit.]

34. Find out the wavelength of the next line in the series having

lines of spectrum of H-atom of wavelengths 6565 A, 4863 A,
4342 A and 4103 A.

[Ams. 3972 A]
[Hint: All these lines are in visible region and thus, belong to
Balmer series. Next line is, therefore, from 7th orbit.]

35. Which jump is responsible for the wave number of emitted
radiations egual to 9.7490 x 10° m™ in Lyman series of
hydrogen spectrum? (R =1.09678 x 10" m™")

. lAns. 3]

36. Calculate the ionisation energy of the hydrogen atom. How
much energy will be required to ionise 1 mole of hydrogen
atoms? Given, that the Rydberg constant is 10974 x 10" m™

[Ams. [IE per hydrogen atom = 2.182 x 107" J
IE per mole = 1314 kJ mol™']

37. Calculate the ionisation energy of (a) one Li®* ion and (b) one
mae of Li%* jon. (Given, R = 10974 x 107 m™")
[Ans. (a)19.638 x 10713 J (b) 1118 x 10* kJ mol "]

38. A series of lines in the spectrun of atomic hydrogen lies at
656.46 nm, 486.27 nm, 439.17 nm and 410.29 nun. What is the
wavelength of the next line in this series? What is the
ionisation energy of the atom when it is in the lower state of
transition?

[Aus. A, =39715nm; IE=340 eVl

39. A certain line of the Lyman series of hydrogen and 2 certain
line of the Balmer series of He* ion have nearly the same
wavelength. To what transition do they belong? Small
differences between their Rydberg constant may be neglected.

[Ans. Hydrogen Helium
2=51 42
31 6—2

41 8-—2]
49. What element has a hydrogen-like spectrum whose lines have
wavelengths four times shorter than those of atomlc hydrogen?
[Ams, He' ]



41.

42.

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

ATOMIC STRUCTURE

What lines of atomic hydrogen absorption spectrum- fall
within the wavelength ranges from 94.5 to 130 nm?

[Ans. 97.3; 102.6; 121.6 nm}

The bmdlng energy of an electron in the ground state of an

atom is equal to 24.6 ¢V. Find the energy required to remove '

both the electrons from the atorn.

[Ans. 79eV]

What is the ratio of the speeds of an electron in the first and
second orbits of a hydrogen atom? ‘
[Ams. 2:1]

Find out the number of waves made by a Bohr electron in one
complete revolution in its third orbit. (IIT 1994)
[Ans. 3]

The wave number of first line in Balmer series of hydrogen is ' '

15200 cm™'. What is the wave number of first line in Balmer
series of Be**?
[Ans. 2.43x10° cm™']

Calculate the speed of an electron in the ground state of
hydrogen atom. What fraction of the speed of light is this
value? How long does it take for the electron to complete one
revolution around the nucleus? How many times does the
electron travel around the nucleus in one second?

[Ans. 2186x10° ms™;7.29x107]
An electron, in a hydrogen atom, in its ground state absorbs
1.5 times as much energy as the minimum required for its

escape (l.e, 13.6 eV) from the atom. Calculate the value of A
for the emitted electron.

[Ans. 4.69 A]

The radius of the fourth orbit of hydrogen is 0.85 nm.
Calculate the velocity of an electron in this orbit
(m, =91x 107! kg).

[Ans. 544 x10° m sec™ |

A beam of electrons accelerated with 4.64 V was passed

through a tube having mercury vapours. As a result of
absorption, electronic changes occurred with mercury atoms

‘and light was emitied. If the full energy of single electron was

converted into light, what was the wave number of emitted
light?

[Ans. ;375 % 10* cm"}

An electron jumps from an outer orbit to an inner orbit with

the energy difference of 3.0 eV, What will be the wavelength
of the line and in what region does the emission take place?-

[Ans. A = 4140 A ; visible region]
[Hint: 1eV =1.6x107" erg]

‘The first ionisation energy of a certain atom took place with an

absorption of radiation of frequency 1.5x 10'® cycle per
second. Calculate its ionisation energy in calone per gram atom.
[Ans. 1.43x10% cal]

[Hint: 1 calorie = 4.18 x 107 erg .
Apply E = h X v X Avogadro’s humber]
Find the wavelength associated with an electron which has -

mass 9.1x 102 g and ‘is moving with a velocity of 10° cm
sec”!. (Given & = 6.625 x 10777 erg-sec)
[Ans. A=728%107° cm]

53,

54,

55.

56.

57.

58,

59.

[Hint:
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Calculate the momentum of the particle which has de Broglie
wavelength | A (107 m)and A = 6.6 x 107> J- sec.

[Ans. 6.6x10 kgmsec™]
The uncertamty of a particle in momentum is 3.3x 10" 2

ke ms™'. Calculate the uncertainty in .its' posxtmn
(h=66x 10'34 I-sec) >
[Ans. 31x107*m]

Calculate the product of uncertainties of dlsplacement and
velocity of a moving electron having a mass 91 x 1075

[Ans. 577x107° m? s7!]

[Hint: Ax-Av 2 4—~]

m

(a) A transition metal cation x>* has magnetxc moment V
BM. What is the atomic number of x°*? .

{b} Select the coloured ion and the ion having maximum

M) O

magnenc moment (i) Fe**, (ii) Cu”, {m) Sc3+ and

®F - L1 1]1]1]
o] |

(iv) Mn**
(a) 26,

2sFe— 3d%4s?
Fe* - 34°4s°

w=nn+2)=,/5x7=435
Both these ions will be coloured and magnetic moment of Fe**

will be greater.]

A photon of wavelength 4000 A strl.kes a.metal surface, the
work function of the metal being 2.13 eV. Calculate (i) energy

“of the photon in €V, (ii) kinetic energy of the emitted

photoelectron and (iii) velocity of the photoelectron.

[Ans,E =310¢V; KE=097 ¢V; Velocity = 5.85 x 10° ms™
[Hint: 1eV=1602x107"" J]

Calculate the ratio between the wavelengths of an electron and
a proton, if the proton is moving at half the velomty of the

electron (mass of the proton = 167 x 10777 kg, mass of the .

electron = 911x 1072 g).
[Ans. 92455x 107 m]
[Hint: Apply‘vde‘ Broglie equation, A = ~h—
mo .
6.625 107
9.11x 10'3‘
6.625 x 107
1.67 x 307 x 0.50

A movmg electron has 2.8x 1072 J of Kinetic energy.
Calculate its wavelength.
(Mass of electron = 9.1 x 1073 kg)

Wavelength of electron =

Wavelength of protoh =

[Ans. 92455%107.m]



120
60.

61.

62.

63.

- 65,

"[Ans.

2xKE

Hint: v= —78446m_' x_—]

my
Helium has ‘mass number 4 and atomic number 2. Calculate
the nuclear binding energy per nucleon (mass of neutron
= 1.00893 amu and proton = 1.00814 amu, He = 4.0039 amu
and mass of electron is negligible).

[Ans, 7.038 MeV]

Calculate the mass defect and binding energy per nucleon of

Owh1ch has a mass 15. 99491 amu.

Mass of neutron = 1.008655 amu

Mass of proton =1.007277 amn
Mass of electron = 0.0005486 amu

' 1 amu = 931.5 MeV
[Ans. 7.976 MeV/nucleon]
The circumference of the second Bohr orbit of electron in the
hydrogen aton is 600 nm. Calculate the potential difference to
which the electron has to be subjected so that the electron

stops. The electron had the de Broglie wavelength
correspondmg to the c1rcumference ’
C1rcumference
{Hint: Number of waves ‘"’ = ————
~ Wavelength
- nA=2nr
2A =600
. A =300 nm
Let stopping potential is V.
1 ) ‘ .
el’ofamvz - (@
ot
my
h ..
V=— R b )
v Am (i)
From equations (i) and (ii),
' ' 1 (kY
eV =—m
) [lmJ
. I
Vy=——r
O amAZe

_ (6626 x 107342
2% (01x 107y x (300 107°) x 1.6 x107*°
=1.675%x107° V] ‘

The: velocity of an electron of mass 9.1x% 107! kg moving
round the nucleus in the Bohr orbit (diameter of the orbit is
1.058 A)is 2.2 x 107 m sec™!. If momentum can be measured
within the accuracy of 1%, then calculate uncertainty in
position (Ax) of the electron.

2.64 x 10° metre] :
An electron wave has wavelengtli 1 A. Calculate the potential
with which the electron is accelerated.

[Ans. 0.0826 volt]

_Calculate the de Broglie wavelength associated w1th an

.o partlcle havmg an energy of 7.7x 10"13 J and a mass of

66x 10°%
[Ans.

g (h=66x10"* J-s)
6.56 %107 cm]

'66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

"~ [Ans.

The threshold frequency for a certain metal is 3.3 x10'*
_cycle/sec. If incident light on the metal has a cut-off frequency

G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS

An electron has mass 9.1x 1072 g and is moving with a
velocity of 10° cm/sec. Calculate its kinetic energy and
wavelength when & = 6.626 x 107 erg-sec.

[Ans. 4.55%107° erg; A =728 x 107 cm]

Calculate the de Broglie wavelengths of an eiectron and a
proton having same kinetic energy of 100 eV.
[Ans. A, =123 pm; A, =2.86 pm]

Work function of sodium is 2.5 eV. Predict whether the

wavelength 6500 A is suitable for a photoelectron or not?
[Ans. No ejection]

Calculate the de Broglie wavelength assomated w1th a helium
atom in a helium gas sample at 27°C and 1 atm pressure.

7.3 x 107! metre]

8.2x 10" cycle/sec, calculate the cut-off potential for the

photoeleetron;
[Ans. 2 volt]
.Can you locate the electron within 0.005 nm?
[Ans. - No.]
[Hint: Use uncertainty principle to determine uncertainty in
velocity.

Av 2 h

4Ttm Ax

On subst1tut10n you will get, _
AV 21.16x 10" ms™

Velocity of electron is therefore expected to be as high as velocity
of light. We may say that the velocity of electron is uncertain
within 0.005 nm.] ]

The photoelectric cut-off voltage in a certain experiment is 1.5
volt. " What is the maximum kinetic energy of the

photoelectrons emitted?

[Ans. 2.4 x107" joule]

A proton is accelerated to one-tenth the velocity of light. If its
velocity can be measured with a precision of £1%, what must
be its uncertainty in position?

(h=6.6x107* J-s; mass of proton = 1.66 x 107> kg)

[Ans. 1.05x107“m] , _
In a photoelectric effect experiment, irradiation of a metal with
light of frequency 5.2x 10" sec™ yields electrons with
maximum kinetic energy 1.3 X 10797, Calculate the v, of the
metal. '
[Ans. 3.2x10" sec™] _

Calculate the wavelength of a CO, molecule moving with a
velocity of 440 m sec™.
[Ans. 2.06% 107" metre]

The predominant yellow line in the spectrum of a sodium

. vapour lamp has a wavelength of 590 nm. What minimum

accelerating potential is needed to excite this line in an
electron tube having sodium vapours?

[Ans. 2.11 volt]



7.

8.

79.

80.

81.

82.

83.

~ {Hint:

ATOMIC STRUCTURE .

Find out the wavelength of a track star running a 100 metre
dash in 10.1 sec, if its weight is 75 kg.

[Ans. 8.92x 107 m]

At what velocity ratio are the wavelengths of an electron and a

proton equal?
(m, = 91><l()28g and m, = 1.6725% 107 )

[Ans. e - 1.8%10%]
UP

Through what potential difference must an electron pass to
have a wavelength of 500 A?

[Ans. 6.03x107%eV ]
h

1fzveV m ]

Use A =

Calculate the velocity of an a-particle which begins to reverse

its direction at a distance of 2 x 10™'* m from a scaitering gold
mucleus (Z = 793.

[Ans. 2.346x10" m/seq ,

Two hydrogen atoms collide head-on and end up thh Zero

kinetic energy. Each then emits a photon with a wavelength
121.6 nm. Which transition leads to this wavelength? How

fast were the hydrogea atoms travelling before the collision?

(Given, Ry; = 1.097 % 10’ m™" and my; = 1.67 x 107 kg)

[Ans. m =11 =2;443x10* msec”' |
[Hint: Wavelength is in UV region; thus », will be 1.
' 1
——I—-ngl.097x 107 x I* x| -17~_2
1216 x 10 2
=2
L
2 A
34 8.
-1—X1.67X10—27 x02:6.626x10 X%}Xl{)
2 1216 x 107

v =443 x 10* m sec”! 1

Show that the wavelength of electrons moving at a velocity
very small compared to that of light and with a kinetic energy
of ¥ electron volt can be written as,

g = 12:268 12.268 1078
N7
{Hint: Use the relation, A = h
v2Em
Here, h = Planck’ s constant

m=91x107% g (massof ¢ )
E = Kinetic energy of electron
=V eV.=VF x16x10" erg]

What is the distance of closest approach to the nucleus of an
o-parficle which undergoes scaftering by 180° in

" Geiger-Marsden experiment?

[Ans.
[Hint:

n=4.13fm]

For closest approach,

84.

85.

86.

87.

121

-;-mvz':K Zexe

g

For Rutherford experiment,

%mvz =55MeV =55x10PxL6x1077 T=88x107"]J

9x10° x 2x 79 x (1.6 x 107'°y?

88x107° =
: ro

%=4.136x10""m

% =4.13 fm]
Photoelectrons are liberated by ultraviolet hght of wavelength
3000 A from a metallic surface for which the photoelectric

threshold is 4000 A. Calculate de Broglie wavelength of
electrons emitted with maximum kinetic energy.

[Ans. A=12x10"° m]
[Hint:
-KE = Quantum energy — Threshold energy ... .

_ 6626x107 x3x 10°
3000'x 107"°

6626107 x 3x10°
4000x 107"

= 6,626 x 107 ~ 4.9695 x 107"

=16565 x 107" joule

-;- mv? = 16565 x 107"

mol=2x16565%107"° x91x 107!
mv = 549 x 1075

~-34
A=t 8626XI0 1 )5 210% m]

Show that de Broglie wavelength of electrons accelerated Vv
volt is very nearly given by:

172
A(in A) [I;O)

h
2e¥m

B2 2
r;\f‘—” X 1020 A
2eVm

{ (6626 3 10- Y x 107 J"z _{@]”]

[Hint: A=

2x16x 1077 x¥ x91x 1073 v

A 1 MeV proton is sent against a gold leaf (Z = 79). Calculate
the distance of closest approach for head-on collision.

[Ans. 1137 %107 m]
[Hint: d= —%—2 . Do like Q.No. 83]
4meo(Yymv®) :

What is the energy, momentum and wavelength of the photon
emitted by a hydrogen atom when an electron makes a
transition from » = 2to n = 1? Given that ionization potential
is136eV.
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[Ans. 1632x107" §, 544 x 1077 kg m/sec, 1218 A]

[Hint: £, =—136eV
E, 213.2 eV
4

AE=%><1~3.66V,

=075x13.6x1.6x107? J=1.632x107"% }

e 1632107
A
.34 §
3= 88260 X3 XN _ )15 51070 m= 12184
1.632x10

="t

P

34

p=f 2862610 544 %1077 kg-misec]

A 1218x 1079

88. Calculate- the orbital’ angular ‘momentom of the following

orbitals:
(@) 3p () 3d (c) 3s
[Ans. (a) V2B (b) V6 (c)0]

[Hint: (a) pu, = JI(/ + 1)5"’—4 for3p,I=1=+2%
T

(b) u, =6n for3d,I=2
yu;=0 for 3s,1=0]
89. A single electron system has ionization energy 11180 KkJ mol™!.

Find the number of protons in the nucleus of the system.
[Ans.” Z = 3]

E

[Hint: 1E=§'—><21.69>< 1077]
n

11180 x 10° 22

6023 x 102

Z=3]

%2169 x 107"

90, Suppose 10717 1 of light energy is needed by the mtenor of the

91.

human eye to see an object. How many photons of green light
(). = 550 nm) are needed to gencrate this minimum amount of
energy?

[Ans. 28]

How many hydrogen atoms in the ground state are excited by
means of monochromatic radiation of wavelength 970.6 A.
How many different lines are possible in the resulting
emission spectrum? Find the longest wavelength among these
[Ans s;x different lines, A = 12156 A] ‘

he
Hint: E,~E =
[ T
-2169 x 107" L 2169 % 1077 6626x107 x 3x10°
? 1 970.6 x 107
n=4 ) 4
1o L1 1 a | J,
—=RZ*| = - — 3
=525 | [
1 {1 2
S =109677.77 x P L—z - —] n l .
six different lmes
A=121568A]
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8.

9.

10.

1.

Set-1: Questions with single correct answer

The ratio of e/m for a cathode ray:

{a} varies with a gas in a discharge tube

(by is fixed

(c) varies with different electrodes

(d) is maximum if hydrogen is taken

‘Which of the followmg statements is wrong about cathode
rays? :

(a) They travel in stralght lines towards cathode

(b) They produce heating effect

{c} They carry megative charge

(d) They produce X-rays when strike with matenal having

high atomic masses
Cathode rays are:
(a) electromagnetic waves
(c) stream of electrons
Cathode rays have:
(2) mass only (b) charge only
(c) no mass and no charge  (d) mass and charge both
Which is the correct statement about proton? '
(a) ¥ is a nucleus of deuterium
(b} 1tis an ionised hydrogen molecule
(¢} 1t is an ionised hydrogen atom
(d) 1t is an ce-particle
Neutron was discovered by: ,
(a) 1.J. Thomson (b) Chadwick
(¢} Rutherford (d) Priestley
The discovery of neutron came very late because:
(a) it is present in nucleus
(b)Y itis a fundamenial particle
(c) -it does not move
(d) it does not carry any charge
The fundamental particles present in equal numbers in neutral
atoms (atomic number 71) are:
(a) protons and electrons  (b) neutrons and electrons
(c) protons and neutrons (d) protons and positrons
The nucleus of the atom consists of:
(a) protons and neutrons
(b) ' protons and electrons
(c) nmeutrons and electrons
(d) protons, neutrons and electrons

(b) stream of a—partic-:lesr
(d) radiations

~The absolute value of charge on the electron was determined by: -

(a) J.J. Thomson (b} R.A. Millikan
(c) Rutherford. (d) Chadwick
Atomic number of an element represents:

(a) number of neutrons in the nucleus

(b) atomic.mass of an element

(CBSE 1990)

- (¢) valency of an element

" {d) number of protons in the nucleus

12.

Rutherford’s experiment ‘on scattering of a.-particles showed
for the first time that the atom has: . [CMC (Vellore) 1991]

OBJECTIVE QUESTIONS

13,

14.

15.

16.

17.

i8.

19.

20.

21.

22

(a) electrons (b) protons
Rutherford’s scattering experiment is related to the size of the:

(c) neutrons (d) nucleus

(a) nuclens (b} atom (c) electron (d) .neutron
When alpha particles are sent through a thin metal foil, most of
them go straight through the foil because:

{(a} alpha particles are much heavier than electrons
(b) alpha particles are positively charged

. (¢) most part of the atom is empty space

(d) alpha particles move with very high velocity
The radius of an atomic nucleus is of the order of:
[PMT (MP) 1991]
® 10 %em
(d) 107% cm

(a) 107 cm
(c) 107 cm
Atomic size is of the order of:
@ 10%em  (0) 10" em () 10 em (d) 10%em
Atoms may be regarded ‘as comprising of protons, neutrons

and electrons. If the mass attributed by electrons was doubled

and that attributed by neutrons was halved, the atomic mass of
12C would be: :

(a) approximately the same (b) doubled

{c} reduced approx. 25% (d) . approx. halved

Positive ions are formed from neutral atoms by the loss of:
(a) neutrons (b} protons

(¢} nuclear charge (d) electrons

The nitrogen atom: has 7 protons and 7 electrons. The nitride
ion will have:

(a) 10 protons and 7 electrons
(by 7-protons and 10 electrons
{c) 4 protons and 7 electrons
(d) 4 protons and 10 electrons
A light whose frequency is equal to 6 x 10'* Hz is incident on a
metal whose work function is 2eV (h = 6.63 x 107 s,
leV = 1.6 x. 107 ")) The maximum energy of electrons
emitted will be: (VITEEE 2008)
(2)2.49eV  (b)4.49eV  (c)0.49eV  (d)5.49eV
[Hint : Absorbed energy = Threshold energy
+ Kinetic energy of photoelectrons
Absorbed energy = hv ,

=6.626 %107 ¥ x 6 x 10

=39756x 107" J

39756 x 107"

T 16x107"°

2.49 =2 eV + Kinetic energy of photoelectron
Kinetic energy of photoelectron = 0.49 eV]
The size of the nucleus is measured in:
(a) amu (b) angstrom
(¢} cm (d)y fermi
The highest value of e/m of anode rays has been abserved
when the discharge tube is filled with:
{a) nitrogen (b) oxygen (c) hydrogen (d) hellum

=249 ¢V
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23.

24,

25,

26.

27,

28,

29.

30.

31

32.

33.

4.

3s.

{c) n, p,0,e

‘(¢)  must be infinite

G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS

The particle with 13 protons and 10 electrons is:

(a) Alatom (b) AI** ion

(c) nitrogen isotope (d) none of these

Which of the following atoms contains the least number of
neutrons? .

(@ Zu (b Zu

© &N @ %Np

The number of neutrons in d1p031t1ve zinc ion (Zn**
mass number 70} is: :
(a) 34 (b) 36 - (c) 38 {d) 40

Which of the properties of the elements is a whole number?
(a) Atomic mass {b) Atomic number

(c) Atomic radius (d) Atomic volume

Increasing order (lowest first) for the wvalucs of e/m
(charge/mass) for electron (e), proton { z), neutron (») and
o-particle (¢t )is:
(@) e p,n,a

, with

(b) n,p,e,0
(d) nyo, p,e
The mass of neutron is of the order of:
(@ 1077 kg (b) 107 kg
(© 105 kg () 10 kg
The atoms of various isotopes of a particular element differ
from each other.in the number of:
(a) electrons in the outer shell only
(b) protons in the nucleus
(c) electrons in the inner shell only
(d) neutrons in the nucleus
Isotopes of the same element have:
(a) same number of neutrons
(b) same number of protons
(¢} same atomic mass
(d) different chemical properties
Which of the following conditions is incorrect for a well
behaved wave function (y)? [EAMCET (Engg.) 2010}
(a) y must be finite “(b) y must be single valued
(d) y must be continuious
Atomic mass of an element is not a whole number because:
(a) it contains eleetrons, protons and neutrons
(b)-it contains isotopes
(¢} it contains allotropes
{d) all of the above
Nucleons are:
(a) protons and neutrons  *
(b) neutrons and electrons
{c) protons and electrons
(d) protons, neutrons and electrons
Isotopes of an element have:
(a) different chemical and physical properties
(b) similar chemical and physical properties
{c) 'similar chemical but different physical properties
(d) similar physical and different chemical properties
Isotopes are identified by: -
{(a) positive ray analysis
(b) Astons’ mass spectrograph

36.

37.

38,

39.

40.

41.

42,

43.

44,

45.

" (c) Dempster s mass. spectrograph

(d) -all of the above

Mass spectrograph helps in the detection of isotdpes because
they:

(a) have different atomlc masses

(b) have same number of electrons

{c) have same atomic number .

(d) have same atomic masses

Which of the following statements is incorrect?

(a) The charge on an electron and proton are equal and
opposite ,

{b) Neutrons have no charge

{c) Electrons and protons have the same mass

(d) The mass of a proton and a neutron are nearly the same
The charge on positron is equal to the charge on:

{(a) proton (b) electron

(c) o-particle (d) neutron

Discovery of the nucleus of an atom was due to the experiment
~ carried out by: '

(a) Bohr

{c) Moseley

Isobars are the atoms of:
(a) same elements having same atomic number
(b) same elements having same atomic mass
(c) different elements having same atomic mass
(d) none of the above

(b) Rutherford
(d) Thomson -
(CBSE 1991)

Which of the following pairs represents 1sobars"

(a) }Heand He (b) Mg and 7 Mg

(c) f9Kand 39 (d) joKand ;3K

Na* ion is isoelectronic with: (CPMT 1990)
(a) Li" () Mg (c) Ca®* (d) Ba**

The triad of nuclei that is isotonic is:

(a) 12C’ N R ) ‘éC, N, 13F

(© "c, 4N, IR (W) 12(:, 15N, TR

Sodium atoms and sodium ions: ‘

{a) are chemically similar

(b) both react vigorously with water

(¢) have same number of electrons

(d) have same number of protons ‘

In 7 Cland ;] Cl, which of the following is false?

. {a) Both have 17 protons

46.

47.

48.

(b) Both have 17 electrons
(c) Both have 18 neutrons
(d) Both show same chemical properties

Which of the following is isoelectronic with neon?
@07  (MF' (©) Mg () Na
Neutrino has:

(a) charge +], mass ] (b) charge 0, mass 0
(c) charge ~1, mass 1 (d) charge 0, mass 1
Positronium is the name given to an atom-like combination

formed between: (JIPMER 1991)
(a) a positron and a proton ‘

(b) a positron and a neutron
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50.

51.

52.

53.

54,

55.
56.
57.

58.

59.

60.

(a) 77
Which of the followmg does not characterise X—rays‘?

(a) The radiations can jonise gases

‘Radius of a nucleus is proportional to
(a) 4

. ATOMIC STRUCTURE

(¢) a positron and an o-particle
(d) a positron and an electron
An isotone of 15 Ge is:

) B A

(C) ’1? (d) 78

(11T 1992)

(b) It causes ZnS to fluorescence
(c) Deflected by electric and magnetic fields
(d) Have wavelengths shorter than ultraviolet rays

X-rays are produced when a stream of electrons in an X-ray
tube: ‘ o

{2} hits the glass wall of the tube

(b) strikes the metal target

(c) passes through a strong magnetic field
{d) none of the above :

®) A4 (@) 42
The nature of positive rays produced in a vacuum dlscharge
tube depends upon: -

(a) the nature of the gas filled -

{b) nature of the material of cathode

(¢) nature of the material of anode

(d) the potential applied across the electrodes
Electromagnetic radiation with maximum wavelength is:
{MLNR 1991)

(a) ultraviolet (b) radiowaves

(c) X-rays (d) infrared

The ratio of energy of radiations of wavelengths 2000 A and
4000 A is: (CBSE 1994)
(a) 2 - (b) 4 (©) 172 dy1/4

The ratio of the diameter of the atom and the dlameter of the
nucleus is:

(a) 10° ®) 10° (c) 10 (d) 107

The ratio of the volume of the atom and the volame of the
nucleus is:

(a) 10 (b) 10" {c) 10" (d) 10%°

Which of the following statements is incorrect?

(a) The frequency of radlatlon is inversely propomonal to its

wavelength
{b) Energy of radiation increases with increase in frequency

() Energy of radiation decreases with increase in wavelength
(d) The frequency of radiation is directly proportional to its,

wavelength
Visible light consists of rays with wavelengths in the
approximate range of:
(a) 4000 A to 7500 A
() 4x107 cmto7.5% 107 em
{c) 4000 nm to 7500 nm
(d) 4x10° mto7.5% 10 m
Whic!: of the following statements concerning light is false?
(4) 1t is a part of the electromagnetic spectrum :
(b) It travels with same velocity, i.e., 3 x 10*° cm/s
{(c) It cannot be deflected by a magnet
(d) 1t consists »f photons of same energy

'(d}"f‘& o

61.

62.

63.

64,

65.

67.

69.

* (c) stationary orbits

70.

{d) angular momentum of the electron is Qi
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A 600 W mercury lamp emits monochromatic radiation of
wavelength 331.3 nm. How many photons are emitted from
the lamp per second ? [PET (Kerala) 2010]
(h = 6626% 107>* Js, velocity of light = 3x 10% ms™)

(@) 1x10” (b) 1x 107
(c) 1x 107! (d) 1x10%
(&) 1x10%
[Hint : Power = m
Time
nhe
600 =
T AX1sec
600 = nx6.626x107 x3x10°
3313%x107°
n=1x10"]

Out of X-rays, visible, ultraviolet, radiowaves, the largest
frequency is of:

(a) X-rays (b) visible

() ultraviolet - - (d) radiowaves
The wave number ‘which corresponds to electromagnetic
radiations of 600 nm is equal to:

(a) 1.6 x.10* cm™ (b) 0.16x 10" cm™!

(c) 16 x 10* cm™ (d) 160 10" em™

Line spectrum is characteristic of:

(a) molecules (b) atoms

(c) radicals . {d) none of these ‘
Which one of the following is not the characteristic of
Planck’s quantum theory of radiation? . (ATIMS 1991)

(a) The energy is not absorbed or emitted in whole number
multiple of quantum’

{b) Radiation is associated with energy
{c) Radiation energy is not emitted or absorbed continuously .
but in the form of small packets called quanta

{d) This magnitude of energy associated with a quantum is

- proportional to the frequency
Which of the followmg among the visible colours has the
mininiim wavelength?

‘

{a) Red (b) Blue

(¢) Green (d) Violet

The spectrum of helium is expected to be similar to that of:
(a) H (b) Na (c) He* () Lit

According to classical theory if an electron is moving in a
cirenlar orbit around the nucleus:

(a) it will continue to do so for sometime

(b) its orbit will continuously shrink

(c) its orbit will contimuously enlarge

" (d) it will continue to do so for all the time

Bohr advanced the idea of: :

(a) stationary electrons (b) stationary nucleus
{(d) elliptical orbits
On Bohr stationary orbits:

(a) electrons do not move

(b) electrons move emitting radiations

(c) energy of the electron remains constant

414
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71.

72.

73.

74.

75.

76.

77.

78.

9.

80.

 the first orbit of Li**

G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS

Energy of Bohr orbit: (DPMT 1991)

(a) increases as we move away from the nucleus '

(b) decreases as we move away from the nucleus

(¢) remains the same as we move away from the nucleus

(d} none of the above

Which of the following statements does not form part of

Bohr’s modet of the hydrogen atom?

(a) Energy of the electron in the orbit is quantized

(b) The electron in the orbit nearest to the nucleus has the
lowest energy

(c) Electrons revolve in different orbit nucleus

(d) The position and velocity of the electron in the orbit
cannot be determined simultaneously

Which of the following statements does not form a part of

Bohr’s model of hydrogen atom? (DCE 2005)

(a) Energy of the electrons in the orbit is quantised

(b) The electron in the orbit nearest to the nucleils has the
lowest energy -

(c) Elecirons revolve in different orbits around the nucleus

(d) The position and velocity of the electrons in the orbit
cannot be determined simultaneously

The radius of the first orbit of H-atom is » Then the radius of

will be: [AMU-PMT 2009]

@g '@% © ¥ @ o

[Hint : 7= lx 0.529A]

The energy hberated when an excited electron returns to 1ts B

ground state can have:

(a) any value from zero to infinity

(b) only negative values

{c) only specified positive values

(d) none of the abovc

On the basis of Bohr’s model, the radius of the 3rd-orbit is:
(a) equal to the radius of first orbit

(b) three times the radius of first orbit

(c) five times the radius of first orbit’

(d) nine times the radius of first orbit

The ratio of 2nd, 4th and 6th orbits of hydrogen atom is:
(a) 2:4:6 by 1:4:9
() 1:4:6 (d) 1:2:3

Which point does not pertain to Bohr’s model of atom?
() Angular momentum is an integral multiple of 4/(27)
(b) The path of the electron is circular

" (¢) Force of attraction towards nucleus = centrifugal force

{d) The energy changes are taking place continuously

The distance between 3rd and 2nd orbits in the hydrogen atom
is:

(a) 2.646x 107 cm (b) 2.116x 107 cm

(c) 1.058x 107 em “(d) 0.529x10°% cm

The correct expression derived for the energy of an electron in

the nth energy level in hydrogeh atom is:

4
(b) E, =~

21t me 4
*

21tme
nh?

@ E,= =0

81.

82.

83.

85.

86.

87.

88,

89.

© 90,

o1,

S92,

2ntme?

(d) E" = 2 kz
According to Bohi theory, the angular momentum for an
electron of 5th orbit is:

(@) Shim  (b) 2.5h/n  (¢) Sm/h (d) 25h/m

‘The value of Bohr radius of hydrogen atom is: (CBSE 1991)

(a) 0.529x 1077 ¢cm () 0.529% 107% cm
() 0.529x 107 cm (d) 0.529% 107'% cm

The energy of an electron in the nth Bohr orbit of hydrogen
atom is: (CBSE 1992)
! 3 6 136 136 13.6

(@ ———F eV (b)) ——eV(c) —— eV (d) ——eV

at n n’ n
Which of the following electron transitions in hydrogen atom
will require largest amount of energy? - {MLNR 1992)
(a) fromn=1ton=2 (b) fromr=2ton=3
(€) fromn=cton=1 (d) roman=3ton="5
For a ‘hydrogen atom, the energies‘that’an electron can have
are given by the expression, £ = — 13.58/n” eV, where n is an
integer. The smallest amount of energy that a hydrogen atom
in the ground state can absorb is:
(a) 1.00eV (b) 3.39eV {c) 6.79eV (d) 10.19eV
The energy of hydrogen atom in its ground state is —13.6eV.
The energy of the level corresponding to n = Sis:

_ (CBSE 1990)

(a) —054eV (b) —540eV{(c) —-085eV (d) —2.72eV

E,=-3136/n* kcalUmol. If the value of E =-34.84
keal/mol, to which value does ‘n” correspond? ‘
(a) 4 ®) 3 © 2 @1 |
The ratio of the difference between st and 2nd Belr orbits

energy to that between 2nd and 3rd orbits energy is:

(@ 112 ®) 13 (o) 275 (d) 5127

Bohr’s' model can explain:

(a) spectrum of hydrogen atom only

(b) spectrum of any atom or icn having one electron only

(¢) spectrum of hydrogen molecule

(d) solar spectrum

The energy difference between two electronic states is 43.56
keal/mol. The frequency of light emitted when the electron
drops from higher orbit to lower orbit, is:

(Planck’s constant = 9.52 x 10™'* kcal/mol)

(a) 914 x 10" cycle/sec  (b) 45.7 x 10" cycle/sec
(€) 91.4 x 10" cycle/sec  (d) 4.57 x 10M cycle/sec
Which of the following transitions of an electron in hydrogen
atom ermts radiation of the lowest wavelength?

‘ - [EAMCET (Engg.) 2010]
(@) ny=coton =2 (b) ny=4ton, =3
(€) ny=2ton =1~ (d) n,=5ton =3
The wavelength of a spectral line for an electronic transition is
inversely related to:
(a) number of electrons undergoing transition-
(b) the nuclear charge of the atom
(¢} the velocity of an electron undergoing transxtlon

(d) the difference in the energy levels ‘involved in the
transition .
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- ATOMIC STRUCTURE

The ionisation energy of the ¢lectron in the ls-orbital of the
hydrogen atom is 13.6 eV. The energy of the electron after

* promotion to 2s-orbital is: -~ {ISC (Bihar) 1993}
(a) ~34eV {b) ~13.6eV
(c) ~272eV (d) 0.0eV

94,

93.

96.

- {2) LymanVseries ,
In a hydrogen atom, the fransition takes place from n =3 to

97.

Which electronic level would allow the hydrogen atom to

absorb a photon but not to emit it?
{a) Is {b) 2s {e) 3s (d) 4s
The spectral lines corresponding to the radiation emitted by an

electron jumping from 6th, 5th'and 4th orbits to second orbit
belong to:

{a) Lyman series (b) Balmer series

(c) Paschen series (d) Pfund series

The spectral lines corresponding to the radiation emitted by an
electron jumping from higher orbits to first orbit belong to:
(a) Paschen series (b) Balmer series

(d) None of these

n = 2.1f Rydberg constant is 1.097 x 10" m
of the emitted radiation is:

! the wavelength

(a) 6564 A (b) 6064 A
© (c) 6664 A (d) 5664 A
[Hint: Apply % =R {.12 - %}]

98.

99,

100.

101

102.

The speed of the electron in the 1st orbit of the hydrogen atom )

in the ground state is {c is the velocity of light):

(3)1—37 ()ﬁ ()m ()m

[Hint: Velocity of electron in the 1st orbit, v = A/(2nmr)
=2.189 x 10® em/sec.; velocity of light, ¢=3x10" cm/sec.

Ratio ¢/v =137]
Find the value of wave number V in terms of Rydberg’s

constant, when transition of electron takes place between two
levels of He" ion whose sum is 4 and difference is 2.

&R 32R
a) — by 28
(@ 5 (b 5
) 3TR (d) None of these
[Hintrzrs!%»ngxﬂr; ny—ny =2 n=lLm=3

vere 1]
g m
=R x 2 P—iz} =32—R]
13 9 7

With the increasing principal quantum number, the energy
difference between adjacent energy levels in hydrogen atom:
{(a) increases (b) decreases
(c) is the same (d) none of these
An electron in an atom; [CEET (Bihar) 1992]
(a) moves randomly around the nucleus
{b) has fixed space around the nucleus
(c) is stationary in various energy levels

~{d) moves around its nucleus in definite energy levels

The wave number of first line of Balmer series of hydrogen is
15200 cm™ . The wave number of the first Balmer line of Li**
ion is: T {ermening: 1992

&
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114.

" (a) Inferféerence
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(a) 152200 cm™ (b) 60,800 cm™
(c) 76,000 cm™ (d) 1,36,800 cm™’

“The position and the velocity of a small particle like electron
cannot be simultaneously determined.” This statement is:
(a) Heisenberg uncertainty principle

“(b) Pauli’s exclusion principle

(c) aufbau’s principle

(d) de Broglie’s wave nature of the electron

de Broglie equation describes the relationship of wavelength
associated with the motion of an electron and its:

(a) mass (b) energy  (¢) momentum (d) charge
If the magnetic quantum number of a given atom is
represented by -3, then what will be its principal quantum
number? [BHU (Pre.) 2005}
(a) 2 (b) 3 (c) 4 5

Which of the following relates to photons both as wave motion
and as a stream of particles?’

{b) Diffraction
(¢} E=hv (d) E = mc?
If uncertainty in the positioii of an electron is zero, the
uncertainty in its momentum would be:

(a) zero - (b) < h/(4m)

(¢} > h/(4m) (d) infinite

Which one of the following explains light both as a stream of '

particles and as wave motion?

(a) Diffraction M A=hip

(c) Interference (d) Photoelectric effect

Abody of mass x kg is moving with velocity of 100 msec™. Its
de Broglie wavelength is 6.62x 107>° m. Hence xis:
(h=662%10"*Jsec) [CET (Karnataka) 2009)
(a) 0.25kg (b) 0.15kg ‘

{c) 0.2kg (d) 0.1 kg

A 200 g cricket ball is thrown with a ‘speed of 3.0 x 10° cm

sec”!. What will be 1ts de Broglie’s wavelength?
(h=66x10"" g cm® sec™!)

(@) L.1x107% ¢m b 2.2x107% cm
(©) 0.55% 107 ¢m (@ 11.0x 10 em

The electronic configuration of a dipositive ion M %" is 2, 8,14
and its atomic mass is 56. The number of neutrons in the
nucleus would be:

(a) 30 (b) 32

(c) 34 (d) 42

An element with atomic number 20 will be placed in whlch '

period of the periodic table?

(a) 5th’ (b) 4th  (c) 3rd (d) 2nd

The frequency of radiation emitted when the electon falls
from n=4 to n=1in a hydrogen atom will be {Given
ionisation energy of H=218x10"" Jatom™ and
h=6.626%107* g ~ [Manipal (Med.) 2007
(a) 1.54 x 10" 7! (b) 1.03% 10" §7!

(c) 3.08x 10V s7! @) 2x 1085

In a multi-electron atom, which of the following orbitals ‘

described by the three quantum numbers will have the same
energy in the absence of magnetic and electric fields?

(AIEEE 2005)

n=11=0,m=0 (i)n=21=0,m=0

(11T 1992)

[CET (Gujarat) 2008]
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122,

123,
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126.

(iiyn=2,I=Lm=1

(iVin=3,l1=2,m=1
VMn=31=2,m=90

{a) (i) and (ii) (b) (ii) and (iii)

{c) (iii) and (iv) {d) (iv) and (v)

Which of the ions is not having the configuration of Ne?

(a) CI° (b) F~ (c) Na* (d) Mg™
Which of the following has the maximum number of unpaired
d-electrons? (KCET 2008)
(a) Ni** (b) Cu™ (¢)Zn?* (d) Fe?*
Which of the following expressions gives the de Broglie
relationship? [JEE (WB) 2008]
@ p=—- ®r="
mv muv
©h=—" @rm="L
mp p
The prmc1pal quantum number of an atom is related to the:
(MLNR 1990)
(a) size of the orbital
(b). orbital angular momentum
(c) spin angular momentum
{d) orientation of the orbital in space
The magnetic quantum is a numnber related to:
{a) size {b) shape
{c) orientation (d) spin
The principal quantum number represents:

{CPMT 1991)
(a) shape of an orbital :
{b) number of electrons in an orbit
(c) distance of electron from nucleus
(d) number of orbitals in an orbit
The quantum number not obtamed from the Schrodinger’s
wave equation is: - (HT 1990)
(a) n by ! (c)y m (d) s
In a given atom, no two electrons can have the same values for
all the four quantum numbers. This is called: (CPMT 1990)
(a) Hund’s rule . ' (b) Pauli’s exclusion principle
(¢) Uncertainty principle  {d) aufbau principle
The atomic orbital is: -
(a) the circular path of the electron
(b) elliptical shaped orbit -
(c) three-dimensional field around nucleus

(d) the region in which there 1s maximum probablhty of

finding an electron
If the ionization energy for hydrogen atom is 13.6 eV then the
lonization energy for He" ion should be:

IPMT (Haryana) 2004]
(a) 13.6 eV (b) 6.8eV
(c) 544V (d) 722V,

Principal, azimuthal and magnetlc quantum numbers are
respectlvely related to:
{a) size, shape and orientation

“(b) shape, size and orientation

(c) size, orientation and shape
(d) none of the above

Energy of electron-in the H-atom is determined by :
(a)onlyn (b) both  and /
(d) all the four quantum numbers -

(cYnilandm

127.

128.

129.

130.

131

132.

133.

G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS

Any p-orbital can accommodate up to:
(a) 4 electrons

(b) 2 electrons with parallel spins

(c) 6 electrons

(d) 2 electrons with opposite spins
How many electrons can fit into the orbitals that comprise the
3rd quantum shell n = 37

(a) 2 (b) 8 “{c) 18 (dy 32

The total number of orbitals in a principal shell is:

@ n (b) n* © 24° (d) 3n?

Two electrons in K-shell will differ in:

{(a) principal quantum number

(b) spin quantum number

(c) azimuthal quantum number -

(d) magnetic quantum number

Which one of the following orbitals has the shape of a
baby-boother ? ‘

(a) dy (b) dxz_yz © dzz @) p,

Which one of the following represents ‘an impossible

arrangement?
‘n!l m s

(a3 2 -2 112 4 0 0 12

©3 2 -3 112 s 3 0 12

Which of the following sets of quantum numbers is correct for

an electron in 4f-orbital? (AIEEE 2004)

@n=4,l=3m=+4,5=+1/2

by n=4,l=4,m=-4,5=-V2

) n=4,l1=3,m=+Ls=+12

(MLNR 1990)

nl m s

(@ n=31=2,m=-2,5=+1/2"

134,

135,

136..

137.

138.

The correct quantum numbers of 3p-electrons are:
: ) ) [PMT (Raj.) 2004]

(@ n=31l=2m=4+2,s=+1/2 ‘

®)yn=3l=,m=-1s=-12

) n=3,l=~-2,m=-2,5=+1/2

(d) none of the above

In any subshell, the maximum number of electrons having

same values of spin quantum number is :

@ I(+1) (b)l+2
©)2+1 (d) 4l +2

{Hint : Number of electrons with same spin

= % x Total no. of electrons
=%>< 220+ 1) =21+ 1]

Which of the following represents the correct set of four
quantum numbers of a 4d-electron? (MLNR 1992)
{(a) 4,3,2,+1/2 (b) 4,2,1,0

{c) 4,3,-2,+1/2 (d 4,2,1,~ 12

Values of magnetic orbital quantum number for an electron of
M-shell can be : |PET (Raj.) 2008]
(2)0,1,2 (b)-2,-1,0,+L,+2
©0,1,2,3 (dy—-1,0,+1

Correct ‘set of four quantum numbers for the outermost
electron of rubidium (Z = 37)is:

(AIEEE 2009)
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(a) The electron may have the q. no. /= +1/2

ATOMIC STRUCTURE

() 5,0,0,1/2 (b) 5,1,0,172

) 5,1,1,1/2 (d) 6,0,0,172
Which one of the following subshells is spherical in shape?
(a) 4s ®) 4p ©) 44 @ 4f

In hydrogen atom, the electron is at a distance of 4.768 A from
the nucleus. The angular momentum of the electron is :

. [EAMCET (Med.) 2010]
“3h : h
a) — b) ——
(a) = (b) o
h 3h
(© — @ —
n n
2
[Hint: r=—x0.5294A
z
o
4.768 = T x0.529
n=3
- Angular momentum (mvr) = Ik _ 3k
2Zn 2nm°
Total number of m values for n = 4 is: ,
(a) 8 () 16 ) 12 (d) 20

‘What is the total number of orbitals in the shell to which the
g-subshell first arise?

@9 () 16

[Hint : For g-subshell, / = 4
It will arise in 5th shell.

Total number of orbitals in Sth shell = » = 25)

In Bohr’s model, if the atomic radius of the first orbit 5, then
radius of fourth orbit will be : [BHU (Screening) 2010]

(a) 4 ®) 6 ©16 @ L
Which of the following statements is not correct for an

electron that has quantum numbers n = 4and m = 27
{MLNR 1993)

(©)25 (d) 36

{b) The electron may have the q. no. /=2

(c) The electron may have the q. no. /=3

(d) The electron may have the . no.7=0,1,2, 3

The angular momentum of an electron depends on:

(a) principal quantum number

{b) azimuthal quantum number

{c) magnetic quantum number

{d) all of the above

The correct set of quantum numbers for the unpaired electron
of a chlorine atom is: {DPMT 2009)

@ 2,0,0,% ®) 21-1+1

1

© 3,L,-1 4~ @ 3,o,o,i—;

The magnetic quantum number for valency electron of sodium
atorn is:

(a) 3 b 2 (©) 1
The shape of the orbital is given by:
(a) spin quantum number

' (d) zero
[PET (Raj.) 2008]

(b) magnetic quantum number

(c) azimuthal quantum number
(d) principal quantum number

149.

150.

151.

152.

153.

154.

155.
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The energy of amelectron of 2p,. orbital i is:
(a) greater than 2p, orbital

(b) less than 2p, orbital

(c) equal to 2s orbital

(d} same as that of 2p, and 2p, orbitals

The two electrons occupying the same orbital are
distinguished by:

(a) principal quantum.number

(b) azimuthal quantum number

{¢) magnetic quantum number

{d} spin quantum number -

The maximum number of electrons in a subshell is given by

the expression: (AIEEE 2009)
(a) 41+2 (b) 41-2 :
() 20+1 (d) 2n°

The electronic configuration of an atom/ion can be defined by
which of the following?

{a) Aufbau principle

(b) Pauli’s exclusion principle

{c) Hund’s rule of maximum multiplicity
{d) All of the above

An electron has a spin quantum number +1/2 and a magnetic
quantum number — 1. It cannot be present in:

(a) d-orbital (b) forbital (c) s-orbital  (d) p-orbital

The value of azimuthal quantum number for electrons present
in 4 p-orbitals is:

(a) 1

b) 2

(c) any value between 0 and 3 except |

(d) zero

For the energy levels in an atom which one of the following
staternents is correct?

- (a) The 4s sub-energy level is at a higher energy than the 3d

156.

157,

158.

159,

160.

) f>p>d>s

sub-energy level
(b) The M-energy level can have maximum of 32 electrons
(c) The second principal energy level can have four orbitals
and contain a maximum of 8 electrons
(d) The 5th main energy level can have maximum of 50
electrons
A new electron enters the orbital when:
(a) (n+ l)is minimum (b) (n + 1)is maximum
(c) (n + m)is minimum (d) (n+ m)is maximum
For a given value of n (principal quantum number), the energy
of different subshells can be arranged in the order of:
(@ f>d>p>s ®) s>p>d> f
d)s>f>p>d
After filling the 4d-orbitals, an electron will enter in:
(a) 4p (b) 4s () 5p @ 4r
According to Aufbau principle, the correct order of energy of
3d,4s and 4 p-orbitals is: [CET (J&K) 2006]
(a) 4p<3d <4ds (b) 4s<4dp<3d
(c) 4s<3d <4p d) 3dd<4s<4dp
Number of p-electrons in bromine atom is:
[PMT (Haryana) 2004|
®) 15
(dy 17

(a) 12
(© 7
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164.

168.
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167. ‘
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[Ar] 3d"4s' electronic configuration belongs to:
o [PET (MP) 2008]

(a) Ti )T (c)Cu @V
How many unpaired electrons are there in Ni** ? (Z = 28)
(a) Zero (b) 8 ) 2 (d) 4
The electronic conﬁguranen of chromium (Z = 24)is: .

[PMT (MP) 1993; BHU (Pre.) 2005]
(a) [Ne] 3s%3p°3d*4s* (b) [Ne] 3s*3p°®3d 45"
(c) [Ne] 33 p%3d" 4¢* (d) [Ne] 3s*3p54s74p*
The number of d-electrons in Fe** (At. No. 26) is not equal to
that of the: (MINR 1993)
(a) p-electrons in Ne (At. No. 10) -
(b) s-electrons in Mg {At. No. 12)
(c) d-electrons in Fe atom
(d) p-electrons in CI” ion (At. No. 17)

If the electronic structure of oxygen atom is written as ‘

1s*Z 25| -- ; it would violate: [ISC (Bihar) 1993]

(a) Hund’s rule

(b) Pauli’s exclusion principle

(c) both Hund’s and Pauli’s principles

(d) none of the above

The orbital diagi‘am in which ‘aufbau principle’ is violated, is:

o] L]
CR R RN
@ (] [Pt
@ (M)

The manganese (Z = 25) has the outer configuration:

[t AT
G EREREREER
o] T 1]
ol ] Mmulrr It}

Whlch of the following clements is represented by the
electronic configuration?

(b) Fluorine
(d) Neon

(a) Nitrogen
{c) Oxygen

169.

176.

171.
172.

173,

174.

175.

176.

177.

178.
179.

180.

[Hint : Na,, —> 1s%, 25°27°, 3s!

The radial probability distribuuon curve obtained for an
orbital wave function (y ) has 3 peaks and 2 radial nodes. The
valence electron of which one of the following metals does
this wave function (y ) correspond to ?

[EAMCET (Med.) 2010}
(a) Co (d) Na

(b) Li © K

Number of radial node = n—1—-1 (n=3)
=3-0-1=2]
Kriypton {At No. 36) has the electronic configuration [A]

3d"4 p®. The 37th electron will go into whxch one of the
followmg sub-levels?

(a) 4f (b) 44
(c) 3p (d) 5s
An ion which has 18 electrons in the outermost shell is:

~ (CBSE 1990)
(a) K* (b) Cu” © cs' (d Th*
Which of the followmg has non~sphencal shell of electron®®

(IFT 1993)

(a) He (b) B (c) Be (d) Li

Which one of the following sets of quantum numbers is not

possible for an electron in the ground state of an atom with

atomic number 19? [PET (Kerala) 2006;
CET (Karnataka) 20609)

by n=2,I=Lm=0

@) n=3,I=2,m=%2

(a3 n=21=0,m=0
() n=3I=1m=-1
(eyn=4,I=0,m=0
Helium nucleus is composed of two protons and two neutrons.
If the atomic mass is 4.00388, how much energy is released
when the nucleus is constituted?
(Mass of proton = 1.00757, Mass of neutron = 1.00893)
(a) 283 MeV (b) 28.3 MeV
(¢} 2830 MeV (d) 2.83 MeV
Binding energy per nucleon of three nuclei 4, B and C are
5.5,8.5and 7.5 respectively. Which one of the following
m_lclei is most stable?
(a) 4 - C
() B (d) Cannot be predicted
The mass of 7L1 is 0.042 less than the mass of 3 protons and
4 neutrons. The binding energy per nucleon in , ILiis:

{BHU 1992)
(a) 5.6 MeV (b) 56 MeV (c) 0.56 MeV (d) 560 MeV
Meson was discovered by:
(a) Powell (b) Seaborg
{(c) Anderson (d) Yukawa ,
In most stable elements, the number of protons and neutrons
are:
(a) odd-odd {b) even-even
(c) odd-even " (d) even-odd
Nuclear particles responsible for holdmg all nucleons together
are:
(a) electrons (b) neutrons
(¢) positrons {d) mesons
The introduction of a neutron into the nuclear composition of
an atorn would lead to a change in: {(MLNR 1995)
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{a) Ohm’s law

ATOMIC STRUCTU_RE

(a) its atoinic inass

(b) its atomic number

{¢) the chemical nature of the atom

(d) number of the electron also

Which of the following has highest orbital angular

momentum?

(a) 4s (b) 4p. (c) 4d {d) 4f

Which of the following has maximum number of unpaired

electrons? [PMT (Raj.) 2004; BHU (Pre.) 2005}

(a) Fe** (b) Fe** (¢) Co* = ) Co**

An electron is not deflected on passmg through a certain

region, because: ,

(a) there is no magnetic field in that region

(b) there is a magnetic field but velocity of the electron is
parallel to the direction of magnetic field

(c) the electron is a chargeless particle

(d) none of the above :

In Millikan’s oil drop experiment, we make-use of:

(b) Ampere’s law

{c) Stoke’s law (d) Faraday’s law

A strong argument for the particle nature of cathode rays is:

(2) they can propagate in vacuum

{b) they produce fluorescence

(¢) they cast shadows

(d) they are deflected by electric and magnetic fields

As the speed of the electrons increases, the measured value of
charge to mass ratio (in the relativistic units):

(a) increases

{b) remains unchanged

(c) decreases

(d) first increases and then decreases

Which of the following are true for cathode rays‘?
(a) It travels along a straight line

{b) It emits X-rays when strikes a metal

{c) It is an electromagnetic wave -

{d) It is not deflected by magnetic field

‘Three isotopes of an element have mass numbers, M, (M + 1)

and (M + 2). If the mean mass number is (M + 0.5) then
which of the following .ratios may be accepted for
M, (M +1), (M + 2)in that order?

(ay 1:1:1 () 4:1:1

() 3:2:1 d2:1:1

The radii of two of the first four Bohr orbits of the hydrogen
atomn are in the ratio 1 : 4. The energy difference between them
may be:

(a) either 12.09 eV or 3 4 ev (b) either 2. 55eVor10.2 eV
(c) either 13.6 eV or3.4 eV (d) either 3.4 eV or 0.85 eV

Photoelectric emission is .observed from a surface. for -

frequenmes v, and v, of the incident radiation (v, > v, ). If the
maximum kinetic energies of the photoelectrons in the two
cases are in the ratio 1 : & then the threshold frequency vy is

gwen by
@ 2= (b)""‘ “’20""’2 @ 2

The nuruber of waves made by a Bohr electron in an orbit of
maximum magnetic quanfum number +2 is:

192.

193.

194.

195.

196.

197.

198.

199.

200.
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(@3 {b) 4 {c) 2 @1

A certain negative jon X %~ has in its nucleus 18 neutrons and

18 electrons in its extranuclear structure. What is the mass

number of the most abundant isotope of X 7

(a) 36 {b) 35.46 {c) 32 (d) 39

Which of the following statements is not correct?

(a) The shape of an atomic orbital depends on the azimuthal
_quantum number .

{b) The orientation of an atomic orbital depends on the
magnetic quantum number

(c) The energy of an electron in an atomic orbital of
multiclectron atom depends on the principal . quantum
number A

(d) The number of degenerate atomic orbitals of one type

depends on the values of azimuthal and magnetic quantum
numbers

Gases begm to cenduct electnmty at low pressure because:

(CBSE 1994)
(a) at low pressures gases turn to plasma

{b) colliding electrons-can acquire higher kinetic energy due to

increased mean free path leading to ionisation of atoms
(c) atoms break up into electrons and protons
(d) the electrons in atoms can move freely at low pressure
An electron of mass m and chatge e, is accelerated from rest
through a potential difference ¥ in vacuum. Iis final speed will
be: - {CBSE 1994)

(a) J(eVIm) (b) 2e¥V/m
(©) J(eVi2m) (d) J(2eVim)

The difference in angular momentum associated with - the

electron in the two successive orbits of hydrogen atom is:

(a) A/nt (b) Ai2n (¢} h/2 (@) (n—Dh/2rn

Photoelectric effect can be explained by assuming that light:

(a) is a form of transverse waves '

(b) is a form of longitudinal waves

(c) can be polarised ‘

{d) consists of quanta -

The photoclectric effect supports quantum nature of light

because:

(a) there is a minimum frequency of light below which no
photoelectrons are emitted

(b) the maximum kinetic energy of photoelectrons depends
only on the frequency of light and not on its intensity

(c) even when metal surface is faintly illuminated the
photoelectrons leave the surface immediately

(d) electric charge of photoelectrons is quantised

The mass of a proton at rest is: ' (CBSE 1991)

(a) zero (b) 1.67x 107 kg

{c) oneamu (d) 9x 10 kg

Momentum of a photon of wavelength L is:  (CBSE 1993)
(a) h/A (b) zero (©) BA/* . (d) HhIc

When X-rays pass through air they:
(a) produce light track in the air
(b) ionise the gas
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202.

{c) produce fumes in the air
(d) accelerate gas atoms,

X-rays: (CPMT 1991)

" (a) aredeflected in a magnetic field

203.

204.

205,

- placed in order of increasing energy, from the lowest to highest

206.

207.

208.

209.

210.

211,

212,

213.

(b) are deflected in an electric field
(¢) remain undeflected by both the fields
(d) are deflected in both the fields
Find the ﬁequency of light that corresponds to photons of
energy 5.0% 107 erg: (AIIMS 2010)
(@) 7.5x10Hsec™ (b) 7.5% 1072 sec
() 7.5%10% sec™ d) 75x10? sec

o E_ 5x107erg
[tht V= h 663x1077 erg sec

=7.54 x10% sec”’]

The energy of an electron in the first Bohr orbit of H-atom is
-13.6 eV. The possible energy value(s) of the excited state(s)

for electrons in Bohr orbits of hydrogen is/are:  (IIT 1998)
(a) ~34eV “(b) ~4.2eV
(c) -6.8¢eV (d) +6.8eV

The electrons identified by quantum numbers nand /, () n =4,
I=1{)n=4,l=0(@)n=3,l=2(v) n=3,/=1can be

as: (AIT 1999)
(@) (v)<(i) <@ii)<@) (b) (i) <@v)<@) < (i)
© () <Gi)<@) <G@v) (@ @< <Gv) <

The wavelength of the radiation emitted when an electron falls

from Bohr orbit 4 to 2 in hydrogen atom is: (IIT 1999)
(a) 243 nm (b) 972 nm
(c) 486 nm (d) 182 nm

The energy of the electron in the first orbit of He®
~ 871.6x 1072 J. The energy of the electron in the first Ol‘blt
of hydrogen would be: (IIT 1998)

(a) —-871.6x 102 J (b) -435x 10707
(¢) -2179x 1072 (d) -1089x107%°J

The wavelength associated with a golf ball weighing 200 g and
moving with a speed of 5 m/h is of the order of
@10%m ®10®m ©10m @ 10%m

Who modified Bohr theory by introducing elliptical orbits for

electron path? (CBSE 1999)
(a) Hund ~{b) Thomson ) :
(c) Rutherford {d) Sommerfeld

The uncertamty in momentum of an electron is 1x 107 kg
!, The uncertainty m its position will be:

(.k 6.62 % 107 kg-m?-s) (CBSE 1999; BHU 2010)

(@ 1.05x10 % m (b) 1.05x 107 m

(©) 527x10% m (d) 5.25x10% m

The Bohr orbit radius for the hydrogen atom (n=1 is
approximately 0.530 A. The radius for the first excited state

(n = 2)orbits is: (CBSE 1998)
(@) 0.13A (b)) LO6A (c) 477A (d) 2124 -
The number of nodal planes in p, -orbital is: (IIT 2000)
(a) one . (b) two {c) three {d) zero

The angular momentum (L) of an electron in a Bohr orbit is
given as: (1T 1997)

(IIT 2000)

214,

215;
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217.

218.

219.
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S T TV & T T 4T

G.R.B. PHysICAL CHEMISTRY FOR COMPETITIONS

nh _ _}3_
{a) L—E& )] L_T’I(l+l)zﬁ
© 1="8 ko

d) L=—

2n @ 47
Ground state electronic configuration of nitrogen atom can be
represented by: (11T 1999)

R AEIERE

AT

(a) 1 only {(b) 1,20nly (c) Lidonly (d} 2,3 only

Which of the following statement(s) are correct?

1. Electronic configuration of Cr is [Ar] 3d >4s' (At. No. of
Cr=24)

2. The magnetic quantum number may have negative value

3. Insilver atom, 23 electrons have a spin of one type and 24
of the opposite type (At. No. of Ag =47)

4. The oxidation state of nitrogen in HN; is 3 (HT '1W998)

(@ 1,23 (b)234 {c) 34 @ 1,24
The electronic conﬁguratlon of an element is
1s225%2p%, 35*3p® 345, 45'. This represents:  (IIT 2000)

(a) excited state (b) ground state
{c) cationic state (d) anionic state

The quantum numbers + 1 and - 1 for the electron spin

represents: ‘ 2 (1IT 2000)

(a) rotation of the electron in clockwise and antlclockwxse
directions respectively

(b) rotation of the electron in anticlockwise and clockwise
directions respectively

{c) magnetic moment of electmn pomtmg up and down
respectively

(d) two quantum mechanical spin states which have no
classical analogues

Rutherford’s experiment, which established the nuclear model

of the atom, used a beam of: (IIT 2002)

(a) B-particles, which impinged on a metal foil and got
absorbed

(b) y-rays, which impinged on a metal foil and ejected
electrons

{c) helium atoms, which unpmged on a metal foil and got
scattered ‘

(d) helium nuclei, which mlpmged on a mtal foil and got
scattered

How many moles of electrons wei gh one kilogram?

(Mass of electron = 9.108 x 10! kg, Avogadro’s number

= 6023 x 107)

(TIT 2002)
6.023 x 102 ——x 10" '

@ ®) 9108 x

© 6023 s @ 1 10"
9.108 9.108  6.023

If the electronic configuration of nitrogen had s, it would
have energy lower than that of the normal ground state
configuration 15*2s?2p3 because the electrons would be
closer to the nucleus. Yet is” is not observed because it
violates: (IIT 2002)
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(a) Heisenberg uncertainty principle

(b) Hund’s rule '

(c) Pauli’s exclusion principle

(d) Bohr postulates of stationary orbits

The orbital angular momentum of an electron in 2s-orbital is:
[IIT 1996; AIEEE 2003; PMT (MP) 2004]

(b) zero
@2 -f-

1 A
a) 4
@ 22z

(05 —_—

Calculate the wavelength {in nanometre) associated with a‘

proton moving at 1x 10° msec™.

(mass of proton = 1. 67x 107 kg, h=663%x107*J sec)
(AIEEE 2009)

(a) 0.032 nm

(€)2.5nm

(b) 0.40 nm
(d) 14 nm
h 6.63x107%

~[Hint:h=— =

223.

224,

228.

226.

The number of radial nodes of 3s- and 2p-orbitals are
- respectively: [IIT (Screening) 2005]
(a) 2,0 b 0,2 ©1,2 2,1

227,

228.

229,

mv  L67x107% x10°
- =0.397x10” m=0.4 nm]
The value of Planck’s constant is 6.63x 107* J-s. The
velocity of light is 3 x 10° m/sec. Which value is closest to the
wavelength in nanometer of a quantum of light with frequency

of 8x 10 sec™!? [CBSE (PMT) 2003]
(@5x107" (b) 4 x 10"
() 3% 107 @2x107%

Which of the following statements in relation to the hydrogen
atom is correct? (AIEEE 2005)
(a) 3s-orbital is lower in energy than 3p -orbital

(b) 3p-orbital is lower in energy than 3d -orbital

{c) 3s-and 3p -orbitals are of lower energy than 3d-orbital

(d) 3s, 3p -and 3d-orbitals all have the same energy

The number of d-electrons in Ni (At. No. = 28) is equal to that
of the: [CPMT (UP) 2004]
(a) sand p-clectrons in ¥~

(b) p-electrons in Ar (At. No. = 18)

(c) d-electrons in Ni**

(d) total number of electrons in N (At. No. = 7)

Which of the following is not permissible? (DCE 2005)
(@) n=4,1=3,m=0 Gyn=4,1=2,m=1
©n=4,l=4,m=1 Dn=4,I1=0,m=0

According to Bohr theory, the angular momentum of electron
in 5th orbit is: (AIEEE 2006)
h h h h
{a) 25— (b) 1— () 10— d) 2.5

A n 7 n

Which of the following sets of quantum numbers represents -

the highest energy of an atom?

(a}3‘z=3,l=0,m=0,s=+}/2
®)n=3I=Lm=1s=+Y
©n=3Il=2,m=1s=+Y
@nrn=4,1=0,m=0,s=+Y,

(AIEEE 2007)
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In ground state, the radius of hydrogen atom is 0. 53 A, The
radius of Li** ion (Z = 3)in the same state is:

[PET (Raj.) 2007]
@@ 0.17A  (b)106A (c) 0.53A (d)0.265A '
How many d-electrons in Cu* (At, No. =29) can have the spin
quantum number (- 4?7 (SCRA 2007)
(@) 3 (d7 ()5 @9
‘Which of the following electronic configurations, an atom has
the lowest ionisation enthalpy? [CBSE (Med.) 2007}
(a) 1s*25°2p° ) 1522572 p535! '
(c) 1s*252p° (d) 1522522 p°
The measurement of the electron position is assoc:ated mth an
uncertainty in momentum, which is equal to 1 x 10”'® g cmss -l
The uncertamty in electron velocity is: (mass of an electron is
9x 10" % g) [CBSE—PMT (Pre.) 2008]
(@) 1% 10° ems™! () 1x 10" cms™! :

(©)1x10° cms™! “(d)1x 108 cms™!

The mmzatmn enthalpy of hydrogen atom is 1.312 x 1043 -

mol™!. The energy required to excite the electron in the atom
fromn =lton=2is: (AIEEE 2008)
(a) 9.84 x 10° J mol ™! (b) 8.51 x 10° J mol ™!

() 6.56 x 10° I mol ™! (d) 7.56 x 10° J mol ™"

[Hint: E, =~1.312x10° J mol ™'

&
Ez=§_;_=_l.312x10 I mol-! ®
2 4

AE =(E, - E))=1312x10° [1—%]

= % x1312%10% =9.84 x 10° T mol ™}

The wavelengths of electron waves in two orbits is 3 : 5, The
ratio of kinetic energy of electrons will be: (EAMCET 2009)

(@) 25:9 () 5:3
(€) 9:25 (d3:5
. h
Hint : We know, A =
: ~N2Em
M B
A, VE
3.5
5 \E
o E :E,=25:9]
Electrons with a kinetic energy of 6.023x10* J/mol are

evolved from the surface of a metal, when it is exposed to

. tadiation of wavelength of 600 nm. The minimum amount of

energy required to remove an electron from the metal atom is :

. (EAMCET 2009)
@) 231251001 (b) 3>< 10“"’ A

(c) 6.02x107"° ] ) 6.62x 107 ]

[Hint : Absorbed energy = Threshold energy + kinetic energy

of photoelectron
%‘3 = Ey+ KE
6.62x107*x3x10° 6.023x 10
- =Eo+ =5 J/atom
60010 6.023x10 :




<7 (@) ~22x107" J atom™,
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331x107"7 = By + 1x 107"

Ep=231x107" 7] A
237. For the Paschen series the value of n, and n, in the expression

1 1. ‘

AE =Ry xe| —5—— |is:

i ‘:nlz ng]
@ m=lLn=234..
by my,=2,n,=3,4,5...
©) m =3,m=4,56...
d) n,=4,n,=56,7... A
238. Ionization energy of He' is 19.6x 107*J atom™. The energy
of the first stationary state (n = 1) of Li’ is: (AIEEE 2016)

(b) 882x 107" J atom™
(d) —4.41x 107" Jatom™

|JEE (WB) 2009]

(c) 441x107" J atom™

[Hint : .Iﬁi =z§
Li% Z
196x107° 4 o
T ILi2+ - - _.-9‘ .

_5 18
I = X196X10

=441x10718
=441x107"7 J atom™
E 5 =—441x10"""J atom™ ]

- &Li
239. The energy required to break one mole of CI-—Cl bonds in Cl,
is 242 kJ mol™'. The longest wavelength of light capable of
breaking single C1—Cl bond is: (AIEEE 2010)
(c=3x10° msec”!, N, = 6023x10% mol™)

@) 700nm  (b)494nm  (c) 594 nm N (d) 640 nm

- . 2

[Hint: Bond energy of single bond = TS
' =4.017x1072KJ

=4017x107° 7 -
gt
A
6626 x107* x 3% 10

A

A =4.94 %1077 m = 494 nm] -
In Sommerfeld’s modification of Bohr’s theory, the trajectory
of an electron in a hydrogen atom is: [JEE (WB) 2010]
(a) perfect ellipse ' '
(b) a closed ellipse like curve, narrower at the perihelion

position and flatter at the aphelion position

(c) aclosed loop on spherical surface
(d) aroseite ‘

Set-2: The questions given below may have more
than one correct answers

1. Correct order of radius of the 1st orbit of H, He*, Li** and
Be** is: , -
(@8 H >He" >Li** > Be*
(b) Be’* > Li** >He* >H
~ (c) He* >Be** > Li* >H
@ He' >H  >Li%* >Be*

4.017x107Y =

2.

3.

s.

6.

10.

11.

12.
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Which is the correct relationship?

(2) E, of H=1/2 E,of He* = /3 E; of Li** = /4 E, of Be**
(b) E;(H) = E,(He" )= Ey(Li** )= E,(Be™)

() Ey(H) = 2E,(He" ) = 3E(Li*" ) = 4E,(Be™")

(d) No relation . ’

Which is correct for any kind of species?

() (B, — E))>(Ey ~ Ey)>(Ey - Ey)

®) (B, - E))<(E; - Ey)<(E4 - E3)

(©) (Ey - E))=(E; - Ey)= (B, - E3)

@ (B, ~ E) = VAE, - Ey) = UNE, ~ Ey)

No. of visible lines when an electron returns from 5th orbit to
ground state in H spectrum is:

(a) 5 (b) 4 (© 3 {d) 10

Qua;itum numbers / = 2 and 7 = O represent which orbital?
@dy  ®ds ;. ©d;  Ddy

If nand [ are principal and azimuthal quantum numbers

respectively, then the expression fog calculating- the total—

numbers of electrons in any energy level is:
I=n {=n~1

@ T 201+1) ® 200+
, I=n+1 I=n-1
© E 22+1) @ I, 20+D

Order of no. of revolution/secy;,v,, v, andy, for L, 11, I and
IV orbits is:

@) Y >Y2>¥3>7,4 (®) Ya>v3>72> )

© Y1>Y2>Y4> 73 @ Y2>1:>7>1
Consider the following statements: ’

(A) Electron density in the xy-plane in 3dx2 o orbital is zero
(B) Electron density in the xy-plane in Sdzz orbital is zero
(C) 2s-orbital has one nodal surface '
(D) For 2p,-orbital yz is the nodal plane,

Which are the correct statements?

(a) (A) and (C) (b) (B) and (T)

(c) Only (B) (d) (A), (B), (C) and (D)

The first emission line in the H-atom spectrum in the Balmer
- series appears at:
5R 3R, TR . 9R
a) — cm b) —em™ (¢) — em” () — m
()36 ()4 ()144 ()400
1 BM is equal to:
he hc e*he ehc
(a) T ® © — (=
mite 4dnm o dm T
Radial probability distribution curve T
is shown for s-orbital. The curve is:
(@) ls £
—_ 0
{b) 2s g _§
{c} 3s g5
(d) 4s

s . Time —»
dz* orbital has:

(a) alobe along z-axis and a ring along xy-plane
(b) alobe along z-axis and a lobe along xy-plane
(c) alobe along z-axis and a ring along yz-plane
(d) alobe and ring along z-axis



13.

14,

15.

16.

17.

18.

19.

(i) 15725%2p% 3¢

ATOMIC STRUCTURE

When a light of frequency v, is incident on a metal surface the -

photoelectrons emitted have twice the kinetic energy as did the
photoelectron emitted when the same metal has irradiated with
light of frequency v,. What will be the value of threshold
frequency? ,

@ vg=v, -V, (b) vg=vy —2vy

{©) vo=2v; — v, (d) vo=v, +v,

Heisenberg’s uncertainty principle is not valid for:

{a) moving electrons {b) motor car

(c) stationary particles {d) all of these

Consider these electronic configurations for neutral atoms;
@G 15725°2p%4s

Which of the following statements is/are false?

(a) Energy is required to change (i) to (ii)

(b} (i) represents ‘Na’ atom

(c) (i) and (i) represent different elements

(d) More energy is reqmred to remove one electron from (i) than

- (i)

For the energy levels in an atom Wthh one of the followmg :

statements is/are correct?

{(a) There are seven principal electron energy levels

(b) The second principal energy level can have 4 subenergy
levels and contain a maximum of 8 electrons

(¢) The M energy level can have a maximum of 32 electrons

(d) The 4s subenergy level is at a lower energy than the 3d
subenergy level

Which of the following statements are correct for an electron
thathasn=4and m=~27

(a) The electron may be in a 4-orbital

(b) The electron is in the fourth principal electronic shell

{¢) The electron may be in a p-orbital

(d) The electron must have the spin quantom number = + 1/2
The angular momentum of electron can have the value(s):

@ o
2n id
2h 5h
(c) —T‘r“ (d) 5'2;

Which of the following statements is/are wrong?

(a) If the value of / = {, the electron distribution is spherical
{b) The shape of the orbital is given by magnetic quantum no.
(c) Angular moment of 1s, 2s, 3s electrons are equal

(d) In an atom, all electrons travel with the same velocity

20..

21.

22.

135

Consider the fqlloging sets. of quantum numbers:

Sl TR T s

(A)3 0 0 +%

B)2 2 iy +Y

4 3 -2 -4

D)1 0 -1 -¥

(E)3 2 3 SRS VA

Which of the following sets of quantum numbers is not
possible? {CBSE (Med.) 2007]

(3 (A), (B), (C)and (D)  (b)(B), (D) and (E)

(c) (A) and (C) (d)(B), (C) and (D)

For three different metals 4, B, C photo-emission is observed
one by one. The graph of maximum kinetic energy versus
frequency of incident radiation are sketched as :

[BHU (Screening) 2010}

/
e

v -

- %

v—>»

- (e)

For which of the following species, the expression for the

7
energy of electron in the n' !}E,, =B 62 ¢V atom™ | has
n° .
the validity? [BHU (Mains) 2010]
(a) Tritium (b) Li**
(c) Deuterium (d) He**
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Assertion-Reason TYPE QUESTIONS

Set-1
The questions given below consist of an *Assertion’ (A) and

the ‘Reason’ (R). Use the following keys for the appropriate
answer:

. {(a) If both (A) and (R) are correct and (R) is the correct reason for

(A)

{b) If both (A) and (R) are correct but (R) is not the correct

explanation for (A).

(c) If (A) is correct but (R) is incorrect.
(d) If (A) is incorrect but (R) is correct.

1.

3

4.

5.

7.

9.

10.

{A) F-atom has less electron affinity than C1™ atom.
(R) Additional electrons are repelied more effectively by 3p
electrens in Cl atom than by 2 14 electrons in F-atom.

(A) Nuclide {5 Al s less stable than 3)Ca.
(R) Nuclide having odd number of protons and neutrons are
' generally unstable.
(A) The first IE of Be is greater than that of B.
{R) 2 p-orbital is lower in energy than 2s.
(A)The electronic configuration of nitrogen atom is
~ represented as:

KA
and not as:

i &

T

Tt

A(R) The clectronic configuration of the ground state of an

atom is the one which has the greatest multiplicity.

(A) The atomic radii of the elements of oxygen family are
smaller than the atomic radii of corresponding elements of
the nitrogen family. «

(R) The members of oxygen family are all more
electronegative and thus have lower value of nuclear
charge than those of the nitrogen family.

(A)YForn=3,Imaybe 0, | and 2 and may be 0, £land 0, :hl
and £2.

(R) For each value of n, there are 0 to (n — 1) possible values
of I, for each value of /, there are 0 to £/ values of m.

(A) An orbital cannot have more than two electrons.

(R) The two electrons in an orbital create opposite magnetic
field,

(A) The configuration of B-atom cannot be 1s? 2.

(R) Hund’s rule demands that the configuration should displav
maximum multiplicity.

(A) The ionization energy of N is more than that of O.

{R) Electronic configuration of N is more stable due to half-
filled 2p-orbitals.

(A) p-orbital is dumb-bell shaped.

(R) Electron present in p-orbital can have any one of the three
values of magnetic quantum number, i.e., 0, +1 or -1.

(11T 1998) -

Set-2

The questions given below consist of two siatements as *Assertion’
(A) and “Reason’ (R); while answering these choose any one of

them:

(a) If(A) and (R) are both correct and (R) is the correct reason for

(A).

{b) If (A) and (R) are both correct but (R) is not the correct reason

for (A).

() If (A) is true but (R) is false,
{d) Ifboth (A) and (R) are false.

.

12.

13.

14.

15.

16.

17.

18,

19,

(A) A special line will be seen for 2p, —~ 2p, transition.
(R) Energy is released in the form of wave of light when the
- electron drops from 2p, to—2p, orbital.

{A) Ionization potential of Be (At. No. = 4) is less than B (At.
No.=35).

(R) The first electron released from Be is of p-orbital but that
from B is of s-orbital. {AIIMS 1997)

(A) In Rutherford’s gold foil experiment, very few o.-particles
are deflected back.

- {R) Nucleus present inside the atom is heavy.

(A) Limiting line in the Balmer series has a wavelength of
© 364.4 mm.

(R) Limiting line is obtained for a jump of electron from
n == oo

(A) Each electron in an atom has two spin quantum numbers.

(R) Spin quantum numbers are obtained by solving
Schrédinger wave equation.

{A) There are two spherical nodes in 3s-orbital.

{R) There is no planar node in 3s-orbital. -

(A)In an atom, the velocity of electron in the higher orbits
keeps on decreasing.

(R) Velocity of electrons is inversely proportional to radius of
the orbit.

(A) i the potential difference applied to an electron is made 4
times, the de Broglie wavelength associated is halved.

{R) Onemaking potential difference 4 times, velocity is
doubled and hence d is halved.

(A) Angular momentum of 1s, 2s, 3s, etc., all have spherical
shape.

(R) 1s, 2s, 3s, etc., all have spherical shape.

(A) The radial probability of 1s electron first increases, till it is
maximum at 53 A and then decreases to zero.

(R) Bohr radius for the first orbit is 53 A.

. {A)On increasing the intensity of incident radiation, the

number of photoelectrons ejected and their KE increases.
(R) Greater the intensity means greater the energy which in
turn means greater the frequency of the radiation.
(A) A spectral line will be seen fora 2p, — 2p,, transition.
(R) Energy is released in the form of wave of light when the
electron drops from 2p, to 2p,, orbital.  (VMMC 2007)

(ATIMS 1996)
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1. (b) 2@ 0 @ 4@ 5 () - 6 ® 1@ 8. (3

9. (a) 10. (b) 11. (d) 12. (d) 13. @ - 14. (c) 15. (b) 16. (a)
17. (©) 18, (@) 19. (b) 20. (c) 21. (d) 22. (c) 23. (b) 24. (a)
25 (d) 26. (b) 27, (d) 28. (a) 29. (d) 30. () 31. (¢ 32. (b)
‘33. (a) 4. 35. (@) 36. (a) 37. () 38. (a) 39. (b) 40. (c)
41. (¢) 42. (b) 43. (d) 4. (d) 45. () 46. (a) 47. (b) 48. (d)
49. (d) 50. (c) 51 (b) 52. (b) 53. (a) 54. (b) 55. (a) 56. (a)
57. (c) 5. d)  59.(a) 60. (d) 61. () 62. (a) 63. (a) 64. (b)
65. (a) 66. (d) 67. (d) 68. (b) 69. (c) 70. (c) 1. (a) 72. (d)
73. (d) 74. (b) 75. (c) 76.(d)  71.() - 78. (d) 79. (a) 80. (d)
81. (b) 82. (b) 83.c) - 84. (a 85. (b) 86. (a) 87. (b) 88. (c)
8.0 0@  NE 2@ = NE %M@  %Bb  %©
97. (a) 98. d) 99. (b) 100. (b) 101. (d) 102. (d) 103. (a) 104. (c)
105. (c) 106. (c) 107. (@) 108. (b) 109. (d) 110. (a) 111. (a) - 112, (b)
113. () 114, (d) 115. (a) 116. (d) 117. (b) 118. (a) 119. (c) 120. (c)
121. (d) 122. (b) 123. (d) 124. (c) 125. (a) 126. (a) 127. (¢) 128. (¢)
129. (b) 130. (b) 131. (¢ 132. ©) 133 (o) 134. (b) 135. (c) 136. (d)
137. () 138. (a) 139. (a) 140. (a) 141. (b) 142. (0 143. (c) 144. (a)
145. (b) 146. (c) 147. (d) 148. (0 149. (d) 150. (d) 151. (a) 152. (d)
153. (c) 154, (a) 155. (c) 156. (a) 157. (a) 158. (¢) 159. (c) 160. (d)
161. (c) 162. (c) 163. (b) '164. (b) 165. (a) 166. (b) 167. (b) 168. (b)
169. (d) 170. (d) 171. (b) 172. (b) 173. (&) 174. () 175. (c) 176. (a)
177. (&) 178. (b) 179. (d) 180. (a) 181. (d) 182. (a) 183. (a,b) 184. ()
185. (a) 186. (a) 187. (b) 188. (b) 189. (b) 190. (b) 191. (a) 192. (c)
193. (c) 194. (b) 195. (a) 196. (a) 197. (d) 198. (a) 199, (¢) 200. (a)

_201. (a) 202. (¢) 203. (c) 204. (a) 205. (a) 206. (b) 207. (¢) 208. ()
209. (d) 210. (c) 211. (d) 212. (a) 213. (a) 214. (c) 215. (a) . 216. (b)
217. (d) 218. (d) 219. (d) 220. (c) 221. (b) 222. (b) 223. (b) 224. (d)
225. (¢) 226. (a) 227. (0 228, (d) 229. (c) 230. (a) 231. (¢) 232. (b)
233. (c)  234. (@ 235. (a) 236. (a) 237. (©) 238. (0 239. (b) 240. ()

e Set-2 ‘ :

1. (@) 2. (b) 3. (@ 4. (¢ 5. () 6. @ 7. (a) 8. (@
9. (a) - 10. (3) 11. (a) 12. () 13. (©) 14. (b, ¢) 15. (¢, d) 16. (a,d)
17. (b, ¢) 18. (a, b, c) 19. (©) 20. (b) 21. (d) 22. (a,b,0)

1. (¢ 2. (a) 3. © 4. () 5. (c) 6. (2) 7. (b 8. (0)
9 () 10. (a) 1. @) S 12 (d) 13. (b) 14. (a) 15. (d) 16. (b)
17. ©) 18. () 19. (b) 20. (b) 21. (d) 22. (d)
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l OBJECTIVE QUESTIONS] for |

“LIT ASPIRANTS Y

The following quesﬁons contain a single correct option:

1. The configuration of Cr atom is 3d *4s' butnot 3d *45s? due to
reason R, and the configuration of Cu atom is 3d '°4s' but not
3d ?4s? due to reason R, R, and R2 are
{a) R;: The exchange energy of 3d *4s' is greater than that of

3d *4s%.
R,: The exchange energy of 3d %4 is greater than that
of 3d 945,
(b) R;: 3d *4s' and 3d *45” have same exchange energy but
3d *4s' is spherically symmetrical.
R, 3d 1044 isalso spherically symmetrical.
() R,: 3d *4s' has greater exchange energy than 3d 4447,
Ry 3d '043 has spherical symmetry.
{d) R;: 3d *4s' has greater energy than 34 4452,
R, 3d 945" has greater energy than 3d 9457,
[Hint: 3d°4s' is correct because it has greater exchange
possibilities of unpaired electrons. ;
Exchange 1-2,1-3, 14, 1-5
l 11111 { ] { ’] I possibilities: 2-3, 2-4, 2-5
10 3-4,3-5
1203 405 10 34

34 %" is correct because 3d “®-orbitals are spherically
symmetrical.]
2. Which of the following graphs is incorrect ?

Al

t
v v
| |
 ——p 1——;
(a) (b)
t t
v v
| O
Z, el | [ 2

{ (d)

3. Which among the following is correct of ;B in normal state?

23 2p _ .
@[] [ 1] | : AeeinstHund’srule
‘(b){ T H T WVT | l Against aufbau principle

as well as Hund’s rule

{c) ‘ 1K ‘ ‘ T I } ‘ : Violation of Pauli’s exclusion
principle and not Hund’s rule

(d) l T { T 1 l I : Against aufbau principle

10.

Maximum value (n + I + m) for unpaired electi‘ons in second

excited state of chlorine {,Cl is:

(a) 28 (b) 25
(c) 20 : (d) none of these
[Hint: Configuration in second excited state may be given as:
3p 3d
g T O O I e
n 3 3 3 3 3
1.1 1 1 2 2 |Totaln+I+m=25)
m -] 0 +1 +2 4+l

Which of the following is correctly matched? e

{a) Momentum of H-atom when electrons

return fromn=2ton=1 : -?%h—
{b) Momentum of photon  : Independent of wavelength
, of light '
(¢) e/mratio of anode rays : Independent of gas in the
discharge tube
(d) Radius of nucleus . (Mass no.)"?
) 1 1 1 3R
Hint: —~=R| g == i=—
! 1 [12 22} 4
A=t
P
h 3R 3Rh
e == X T S e
=3 el

In hydrogen spectrum, the third line from the red end
cotresponds to which one of the following inter-orbit jumps of
the electrons from Bohr orbit of hydrogen?

(a) 4 —>1 ®2-S5S ()3-2 d 552

In which of the following pairs is the probability of ﬁndmg the
electron in xp-plane zero for both orbitals?

(a) 3dy,;=4dx2_y2 (b) 2stdzz

{©) 4dg', 3p, {d) None of these

In which of the following orbital diagrams are both Pauli’s
exclusion principle and Hund’s rule violated?

W[ 0]1] o[ [1[N] ]

@O MMM L] @[Wj[MN] ] ]

The distance between 3rd and 2nd Bohr orbits of hydmgen
atom is;

(a) 0.529%107% cm (b) 2.645x 107 cm.
(¢) 2.116x 108 cm (d) 1.058x 10 cm
Mint: 5 -r=03%-2"%0529x 107 cm]

Which diagram represents the best appearance of the line
spectrum of atomic hydrogen in the visible region?
[PET (Kerala) 2007]




11.

12.

13.

14.

15.

16.

- [Hint;

(©) 0,L,V6n,43n

- ATOMIC STRUCTURE

Increasing wavelength

(@

o)

(c)

@

(e)

‘The “m’ value for an electron in an atom is equal to the number

of m values for I = 1. The electron may be present in:
—(~a) 3dx2——y2 - (b) Sf.;:(x -y) L
{c) 4 fx 3, (d) none of these
Total values of m = (2/ + }=3for /=1

m = 3 is for f-subshell orbitals.]

If m=magnetic quantum number, /= azimuthal quantum
number, then: - ;

(@) m=1+2

(™ [ |-~
[Hint: Magnetic quantum number ‘m’ lies between {(~1, 0, + 1) ;
thus total possible values of ‘m’ will be (2/ + 1).

m-=1
I = e
3 ]

What are the values of the orbital angulér momentum of an
electron in the orbitals Is, 3s,3d and 2p ?

(@) 0,0,Y6 1,21 ® LLVa 82 h
(d) 0,0,v20 1, V6 7

[Hint: Orbital angular momentum = \/I(/ + 1) 2i =i+ k)
T -

() m=27+1
@ I=2m+1

m=2+1 ie,

After np-orbitals are filled, the niext orbital filled will be:

(@ (n+)s () (n+2)p () (n+Dd (d) (n+2)s
The ratio of (E, — E;)to (E4 — E;)for the hydrogen atom is
approximately equal to
(a) 10 () 15 (c) 17 (d) 12
[Himg:

A s,
Eg-Ey N 1% N9 976 7 4 T 1
E-E (1 T3 T3 08 15

(-

Which of the following electronic configurations has zero spin

multiplicity?

@ ®

© @
Spin multiplicity = (2Zs + 1)]

[Hint:

139

17. A photosen31twe material would emit electrons if excited by

18,

19,

20.

21,

{¢) (n+!)nodal surfaces

photons beyond a threshold. To overcome the threshold, one
would increase: (VITEEE 2007)
(a) the voltage applied to the light source '

(b) the intensity of light

(c) the wavelength of light

(d) the frequency of light

Which of the following electronic configurations have the
highest exchange energy?

3d 4s

@ [rfr[r] [ J[r]
o [(rfrfr]fr]r] [7]
R
HEERE

Which of the following graphs correspond to one node?

! !

v . ¥
e By «—» dg
(a) (b)
1 t
y ¥
. —
— 8y
€ . (@

Angular distribution functions of all orbitals have:

(a) Inodal surfaces (b) (I - 1ynodal surfaces

(d) (n —I- Dnodal surfaces
If uncertainty in position and momentum are equal then
uncertainty in velocity is: [CBSE-PMT (Pre.) 2008]

@ R L 1h
(a) J; (b) 2 © 2m\/; @ J;
[Hint: Ax-Ap>4i

§p> 4i when Ax = Ap

C mAvz Jz
v>—J.]

The number of waves made by a Bohr electron in an orbit of
maximum magnetic quantum number 3 is:

(@) 3 (b) 4 () 2
Hint: m=3/=3n=4

For, n = 4, number of waves will be 4.]

(d 1
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23.

24,

25,

26.

27.

28.

29.
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The number of elhpncal orblts excluding circular orbits in the
N-shell of an atom is:

(a) 3 ®) 4 (©) 2 @1
[Hint: For, N-shell, » = 4. This shell will have one circular and
three elliptical orbits.]

From the electronic conﬁguranon of the given elements K, L,
M and N, which one has the highest ionization potential?

(a) M =[Ne] 3s*3p2 (b) L=[Ne]3s*3p°

(c) K=[Ne]3s*3p" (d) N=[Ar]3d ', 45%4p°
[Hint: L has half-filled p-subshell and it is smaller than N,
hence, L will have the highest ionization potential.]

Which of the following pairs of electrons is excluded from an
atom?

@n=21=0m=0, s=+%andn=2,l=0,m=0,s=:+%

(mn—lf—im~+ls-+%

andn—Zi—]m——]su-%% S

©n=4LI=0,m= 0,s=~4-%am:lsn=l,l=0,m=(),s=-l

2
(®ﬂ=&1=lm=~1s=+% ‘

andn=3,1:0,m=0,s=+%

[Hint: Both 2s electrons have same spin, hence excluded from
the atom.]
Given set of quantum numbers for a multielectron atom is:

n |l m 5 :

2 0 0 +1/2

2 0 0 -12

What is the next higher allowed set of ‘»’ and ‘" quantum
numbers for this atom in the ground state?

@ n=21=0 M) n=21=1
cyn=31=0 @ n=31=1
In how many elements does the last electron have the quantum

numbers of n = 4and /= 1?

(@ 4 ®) 6 (©) 8 (@ 10

[Hint: n=4,/=1 represent 4p-subshell containing six
electrons. Thus, there will be six elements having 4p' to 4p°
electronic configuration.]

If there are three possible values (~1/2, 0, +1/2) for the spin
quantum, then electronic configuration of K (19) will be:

(a) 15°,25°2p°, 35°3p! ®) 1s%,25%2p%, 36*3 %, 4s'
(c) 152,232199,332 3p4 {d) none of these

If the radius of first Bohr orbit of hydrogen atom is *x” then de
Broglie wavelength of electron in 3rd orbit is nearly:
() 2nx ®) 6nx () % @3z
[Hint: 5, =n’ 3
r =91 =9%
;I .
mor = p —
n

30.

31

32.

33.

34.

mv9x=3-&- «
. 2n
. L:@][x
my
A= 6nx]

How many times does light travel faster in vacuum than an
electron in Bohr first orbit of hydrogen atom?

(a) 13.7 times (b) 67 times (c) 137 times (d) 97 times

[Hint: o=Z % 2188 x 10° em/sec
n
Y= % x 2,188 x 10° cm/sec
. . : L al0
%19-:@ oflight _ 3x10° 137 times]
Velocity of electron 2,188 x 10°

A compound of vanadium has a magnetic moment of 1.73 BM.

. The electronic configuration of vanadium ion in the

compound is:

(a) [Ar]3d 2 (b) [Ar3d ' 4s° (c) [Ar]3d °(d) [Ar]3d °4s"

[Hint: Magnetic moment = Ju(s + 2) BM
173 = Jn(n +2)
n=1 (number of unpaired electrons)
V,, = 3d 4
v 5370 (has one unpaired electron)]

The orbital angular momentum of an electron in p-orbital is:
[PET (Kerala) 2006}

h @1

a) zZero -
@ n 22n

(b) 75; ©

h
© ——
Won
When a hydrogen atom emits a photon of energy 12.1 eV, the
orbital angular momentum changes by:

(@) 105x 107 J sec (b) 211x 107 J sec

(©) 316x1073* I sec (d) 422x 107 I sec

[Hint: Emission of photon of 12.1 eV comresponds to the
transition fromn = 3ton=1 ‘

~ Change in angular momentum

=(”2'”|)_h‘

h
=6-05 =7
_6626x107

C 314

=211 %107 J sec]

The total energy of the electron of H-atom in the second -
quantum state is — E,. The total energy of the He* atom in the
third quantum state is:

R R

[Hint: Energy of electrons in r th state
2
=—Z x136ev
n
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EZ(H)-—% eV
E, (He' )= 13.69x4 eV
5_2 or E3=iE2
E, 4 9

For negative value of E,, E; will also be negative.]

What is the ratio of the Rydberg constant for helium to-
hydrogen atom?

(a) 12 (b) 1/4 (c) 1/8 (d) 1/16
) A2 72 4 ’
[Hint: R= Lsze
ch
Rye _2x2% _
Ry 1xP?
By L
Ry 8
If the kinetic energy of-a particle is doubled, de-Broglie-
wavelength becomes:
(a) 2times  (b) 4times (c) 2 times (d) L times
V2
[Hint: A= ,where, E = Kinetic energy of the particle
2Em
" 2Em J2%2Em
_}'_1=_\/§’ Le, A'2=L]
A}z _\/E

Imagine an atom made up of a proton and a hypothetical
particle of double the mass of the electron but having the same
charge as the electron. Apply the Bohr’s atomic model and
consider all possible transitions of this hypothetical particle to
the first excited level. The largest wavelength photon that will
be emitted has wavelength A (given in terms of the Rydberg
constant R for the hydrogen atom) equal to: '

9 . 36 18 4
a) — — c) — d) —
()SR (b)SR ()SR ()R
[Hint: Energy is related to mass:
E,<m

The longest wavelength A ,, photon w111 correspond to the
transition of particle fromn=3ton=2 :

1 11
=2R| =~ —
xm- . (2? 32]

e = ]

What is ratio of tlme periods (T1 /T,) in second orbit of
hydrogen atom to third orbit of He* ion?

8 32 27
a) — b) — Cc) —
()27 ()27 ()32

3

n
I=p

27
d) —
@ -3
[Hint :

T, _mxZy 2Px2 32
T, Zlxm Px3 27

The de Broglie wavelength of an electron accelerated by an
electric field of ¥ volt is given by :

40.

41.

42.
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1.23 1.23m , . 1.23 123
@A= (©—=nm (A=

m W v
An excited electron of H-atoms emiits of photon of wavelength

A and returns in the ground state, the principal quantum
number of excited state is given by :

@ AR (AR - 1) ()J AR

(AR-1)
1 O»R 1)

“’m N3z

[Hint : X =R [

e 2

A dye absorbs a photon of wavelength A and re-emits the same
energy into two photons of wavelength A, and A, respectively.
The wavelength A is related to A, and A, as :

(b)A =

A A+ A
ah=—tra A =rthe
@r= G =2

2132
@r=_1te @2k
oty MAA,

The radii of maximum probability for 3s, 3p and 3d-electrons
are in the order :

(a) (rxmx) 3s > ( max) 3p > (rmx)3d
(b) (rxmx) 35 = (rxmx) p = (rxmx)?sd
©) (Fnax ) 30 > (g ) 3p > (i )35

(d) (Frax ) 30 > (Foax ) 35 > (finax D3p

Following questions may have more than one correct options:
1.

Select the correct relations on the basis of Bohr theory:

(a) velocity of electron o< 1 (b) frequency of revolution o< %
: n n

(¢) radius of orbit e< n2Z (d) force on electron o< %
. n

To which of the following species, the Bohr theory is not

applicable?

(a) He (b) Li** (c) He?** (d) H-atom

The magmtude of spin angular momentum of an electron is

given by:

@S =m% ® s=s

2n
©s=Yr @ Ss=tixt
2 2= C 2 2n

[Hint: Spin angular momentum = \/s(s + 1) Eh_
/1

S=1G+qi:£
2\2 o 2
Select the correct configurations among the following:
(@) Cr(Z=24):[Ar]3d >, 4s
() Cu (Z=29):[Ar]3d ', 45
(¢) Pd (Z = 46):[Kr] 4d '°, 55°
(d) Pt(Z=78):[Xe]4d ! 45

h
x_
21!:]
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5. Which amoﬁg the following statements is/are correct? 11.

(a) \uz represents the atomic orbitals

(b) The number of peaks in radial distribution is (n — )

" (c) Radial probability density p ,, () = 4nr*R2 (r)
{d) Anodeisapointin spéce where the wave function (y Yhas 12
zero amplitude )

6. Select the correct statement(s) among the following:

(i) Total number of orbitals in a shell with principal quantum
number ‘n’ is n

Total number of subshells in the n th energy level isn
The maximum number of electrons in a subshell is given
by the expression (47 + 2)

m=1+2, where [ and m are azimuthal and magnetic 14.
- quantum pumbers

(a) (i), (iii) and (iv) are correct o
(b) (i), (i) and (iii) are correct : 15.
(c) (i1), (iii) and (iv) are correct '

The maximum kinetic -energy of photoelectrons is directly
proportional to . . . of the incident radiation. The missing word
can be: )
(a) intensity {b) wavelength
(¢ wave number (d) frequency
. Rutherford’s experiment established that:
(a) inside the atom there is a heavy positive centre
(b) nucleus contains protons and neutrons
(c) most of the space in an atom is empty
(d) size of nucleus is very small
13. Which of the following orbital(s) lie in the xp-plane?
@dz_, B dy  (©de @ d,,
In which of the following sets of orbitals, electrons have equal
orbital angular momentum?
(a) Isand2s (b) 2sand 2p (c) 2pand 3p(d) 3pand 3d
Which of the following orbitals have no spherical nodes?
(@) Is (®) 25 (c) 2p @ 3p

(i)
(iii)

)

(d) (i), (ii) and (iv) are correct C - S {

For a'shell of prinicipal quantum numbet 7 = 4, there are:
7. Which among the following are correct about angular . (a) I6orbitals (b) 4 subshells
momentum of electron? (c) 32 electrons (maximum) (d} 4 electrons with /=3
‘ h , h 17. The isotopes contain the same number of:
(a) 2h @} 1.5 - (c) 2.54 (@ 05 - (@) neutrons (b) protons
8. Which of the following is/are incorrect for Humphrey lines of (c) protons + neutrons (d) electrons
hydrogen spectrum? - ~ 18. Which of the followmg species has iess number of protons
(@ n=T->n=2 by n,=10>n =6 than the number of neutrons?
© n=5-n-=1 @ ny=11-n =3 (a) '2C (b) 5F () §Na (@) HMg
9. Inthe Bohr’s model of the atom: ; 19. The angular part of the wave function depends on the quantum
(a) the radius of » th orbit is proportional to n? numbers are:
(b) the total energy of the electron in the n th orbit is inversely (@) n OX () m (d s’
proportional to ‘n 20. Which of the following species are expected to have spectrum
(c) the angular momentum of the electron is mtegral multlple similar to hydrogen?
of h/2m ‘ o (a) He' (b) He?*  (¢) Li** (d) Li*
(d) the magnitude of potential energy of an electron in an orbit 21. Which of the following statements ls/are correct regardmg a
is greater than kinetic energy hydrogen atom?
10. \Zhwh among the following segles is obtained in both (a) Kinetic energy of the electron is maximum in the first orbit
a soliptlon and. emission sp ectr;msB Imi ) (b) Potential energy of the electron is maximum in the fisst orbit
(2) Lyman senes (b) Balmer series (¢) Radius of the second orbit is four times the radius of the
(c) Paschen series (d) Brackett series first orbit
o (d) Various energy. levels are equally spaced
. Smgle correct option S .
1. (© 2. (@) 3. () 4. (b) 5. (a) 6 (@ 7. @ 8. (d)
9. (b) 10. (¢ 1. (b) 12. (c) 13. (a) 14. (a) 15, (b) - 16. ()
17. (d) 18. (b) 19. (b) 20. (a) 21 () 22. (b) 23 () 24. (b)
25. (@ - 206. (b) 27, (b) 28. (a) .29, (b) .30 (© 31. (b) 32. (b)
BB M@ 35. (c) 36. (d) 37. (©) © .38, (b) 39. (¢) 40. (b)
41. (¢) 42. (a) A ‘ . -
e One or more than one correct options
1. (a,b,d) 2. (a,0) 3. (a,¢0) 4. (a,b, ¢) 5. (a, b, ¢, d) 6. (b) 7. (a,b,d) 8. (a,c,d)
9. (a,¢,d) 10. (a) . 11 (¢, d) 12. (a,¢,d)  13. (a,b) 14. (a,c) 15. (a,¢) 16. (a,b,c)
17. (b, d) 18. (b,¢) 19, (b,0) - 20. (a,0) 21. (a,¢) e '
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. Integer Answer TYPE QUESTIONS

. XY Z W

This section contains 10 questions. The answer to each (D@ ®§ % %
of the questions is a single digit integer, ranging from |5 QO O &
0 to 9. If the correct answers to question numbers XY, i@ Q@ O @
Z and W (say) are 6, 0, 9 and 2 respectively, then the % % % g
correct darkening of bubbles will look like the figure: @ @ @ ®
Q0

(OFORORG)

2080

»

For Li**, when an electron falls from a higher orbit to nth
orbit, all the three types of lines, ie., Lyman, Balmer and
Paschen was found in the spectrum. Here, the value of ‘n’ will
be:

The emission lines of hydrogen contains ten lines. The highest
orbit in which the electron is expected to be found is :

[Hint : Number of lines = ”_(’}LLD =10

N n=75]
Total number of nodes present in 4d orbitals will be :

Spin multiplicity of nitrogen in ground state will be :
Orbital frequency of electron in nth orbit of hydrogen is twice
that of 2nd orbit. The value of nis:

If kinetic energy of an electron is reduce by (1/9) then how
many times its de Broglie wavelength will increase.

If electrons in hydrogen sample return from 7th shell to 4th
shell then how many maximum number of lines ¢an be
observed in the spectrum of hydrogen.

An electron in Li?* ion is in excited state (n,) . The
wavelength corresponding to a transition to second orbit is

10.

143

48.24 nm. From the same orbit, wavelength corresponding fo a
transition to third orbit is 142.46 nm. The value of n, is :

The energy corresponding to one of the lines in the Paschen
series for H-atom is 18.16x 1072° J, Find the quantum numbers
for the transition which produce this line.

[Hint : u:z.lsxl-o"s[l -—1-}

1816x107 = 2. 18 10“8[-1- —-12-}
9 n

On solving, n=1=56 ]
The angular momentum of electron in the shell in which the

- g-subshell first appears is x X ?_i The value of x will be :
T :

[Hint ; ! = 4 for g-subshell

Thus; the subshell will first appear in (n = [+ 1= 5) Sthshell. —— - - -

Angular momentum (muvr) = nz—k-
7

-5
Wi

Ly
9. (6)

2. (5)
10. (5)

3.0 4. (4

NG}

6. 3) 7. (6) 8. 5
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I =e Linkeo CompreHENSION TYPe QUESTIONS o= (I

_® Passage 1

The observed wavelengths in the line spectrum of hydrogen atom
were first expressed in terms of a series by Johann Jakob Balmer, a
Swiss teacher.

Balmer s empirical formula is:

1 1 1
I’—-RH [—2'2——;?:]”= 3,4,5,.‘.-

R, =109678 cm™" is the Rydberg constant.

Niels Bohr derived this expression theoretically in 1913. The
Jormula is generalised to any one electron atom/ion.
Answer the following questions:
1. Calculate the longest wavelength in A (1 A = 107'° m) in the
Balmer series of singly ionized helium He*. Select the correct
“atiswer. Ignore the nuclear motion in Yﬁﬁ!“éaﬁflﬂﬁt’i’()ﬁ.

(a) 2651 A (b) 1641.1 A
(c) 6569 A (d) 3249A
. 1 2111
{Hint: = RyZ [—2 - —5i]
}‘"H&:+ 2 3
H
=109678 X 4| —
36

Ayr = 1641.1A]

2. How many lines in the spectrum will be observed when
electrons return from 7th shell to 2nd shell?
(a) 13 (b) 14 () 15
[Hint: Number of fines in the spectrum
G -n)m—n +1)
2
___(7—2}(72—2+ 1)‘_~15

) 16

2 e

3. The wavelength of first line of Balmer spectrum of hydrogen

will be: .
(a) 4340 A  (b) 4101 A (c) 6569 A (d) 4861 A

. 1 i 1
{Hint: 7 Ry [55 - ;5

for first line n=3,
1. 100678 [-’- - -I_J
Ao 22

32
A=6569A] ,
4. In which region of electromagnetic spectrum does the Balmer
series lie?
(a) UV (b) Visible
"~ (c) Infrared (d) Far infrared

7 —

= [

[ J— . 5 15 lines in the spectrum.]

4— 4

N 3 ,
’ .

5. Wﬁich of the following is not correctly matched?
(a) H,— 6569 A (Red) (b) Hy — 4861 A (Blue)
(¢) H,— 4340 A (Orange) (d) H; — 4101 A (Violet)

o Passage 2

A formula analogous to the Rydberg formula applies to the series
of spectral lines which arise from transitions from higher energy
level to the lower energy level of hydrogen atom.

A muonic hydrogen atom is like a hydrogen atom in which the
electron is replaced by a heavier particle, the ‘muon’. The mass of
the muon is about 2071 times the mass of an electron, while the charge

remains same as that of the electron. Rydberg formula for hydrogen
atom is: :

1 1 1 -1
—= Ry | — —— | (Ry =109678 cm™ ——
)» H {nlg ng :i ( H )
Answer the following questions: i
1. Radius of first Bohr orbit of muonic hydrogen atom is:
' 0259 0529 '
a) —=A by ——A
@ 207 ®) 207
(c) 0.529x 207A (d) 0259x207A

2. Energy of first Bohr orbit of muonic hydrogen atom is:

: 136 S
a) =~ — eV b) ~13.6x 207V
(@) 207 (b} e
‘ 136
(©) +——eV (d) +13.6x 207 eV
207 _
3. lonizafion energy of muonic hydrogen atom is:
136
+ — eV b) +13.6x 207eV
(a) 207 e {b) x 207¢
© - By @ -136x 2076V
207 , )
4. Angular momentum of ‘muon’ in muonic hydrogen atom may
be given as:
h h h h
ay — — ¢} — d) —
@ - O @O @
5. Distance between first and third Bohr orbits of muonic
hydrogen atom will be:
(a)wxmﬁ (b)wx’?}s
207 207
© 0.529 % 8 A @ 0.529 A
207 207
e Passage 3

Nuclei that have 2, 8, 20, 28, 50, 82 and 126 neutrons or protons
are more abundant and more stable than other nuclei of similar mass.
It is suggested that in the nuclear structure of the numbers 2, 8, 20,28,

" 50, 82 and 126, which Have become known as migic numbers, the

nuclei possessing magic numbers are spherical and have zero
quadruple moment and hence they are highly stable. Nuclear shells
are filled when there are 2, 8, 20, 28, 50, 82 and 126 neutrons or -
protons in a nucleus. In even-even nuclei all the neutrons and protons
are paired and cancel out spin and orbital angular momenta.



ATOMIC STRUCTURE

Answer the followirig quesﬂons rega rding the stablhty of
nucleus:
1. Which of the following element(s) is/are stable though having
odd number of neutrons and protons?

() SLi () IB (c) 3He (d) 1‘;N

2. Stable nuclei having number of neutrons Iess than number of
protons are: ,
(8 {H (b) He © ‘gB. @ 'ic

3. Doubly magic nucleusis ... .
(@ UPb () XPb  (c) WPb  (d) %Bi

4. Which among the following has unstable nucleus?
@5 ®EN ©@5N (@50

5. Whichofthe 'followjing has zero spin and angular momentum? '

@xCa  ®H  (©4%C @ {c
e Passage 4

The substances which contain species with unpaired electrons in
their orbitals behave as paramagnetic substances. Such substances
are weakly attracted by the magnefic field. The paramagnetism is
expressed in terms of magnetic moment. The magnetic moment is
related to the number of unpaired electrons according to the
Jfollowing relation:

Magnetic moment, i = \Jn(n + 2) BM
Where, n = number of unpaired electrons.
BM stands for Bohr magneton, a unit of magnetic moment.
eh
4nme

1BM = =927x107% Am? orJ T

Answer the followmg questions:
1. Which of the. following ions has the highest magnetlc

moment?
(a) Fe®*  (b) Mn®*  (0) Cr** (dy v**
2. Which of the following ions has magnetic moment equal to
that of Ti **:
(@ Cu* BN () CoFT (d) Fezf

3. Anion of a d-block element has magnetic moment 5.92 BM
Select the ion among the following: ,
(a) Zn** (b) Sc** @ Mn** (@ crt
4. Inwhich of these options do both constituents of the pair have
the same magnetic moment?
(3) Zn* and Cu”* {(b) Co** and Ni**
(¢) Mn** and Co** (d) Mg** and Sc*
5. Which of the following ions are diamagnetic?
@ He (b)) ST (9 Mg (@) O

. Passage 5

At the suggestion of Ernest Rutherford, Hans Geiger and Ernest
Marsden bombarded a thin gold foil by u.-particles from a polonium
source. It was expected that o.-particles would go right through the
{oil with hardly any deflection. Although, most of the alpha particles
indeed were not deviated by much, a few were scattered through very

large angles. Some were even scattered in the backward direction.

145 -
The only wdy to explain the results, Ruthetfofd Jound, was to picture
an atom.as being composed of a tiny nucleus in which its positive

charge and nearly all its ‘mass are concentrated. Scattering of
o-particles is proportional to target thickness and is inversely

) . 8 . .
proportional to"the fourth power of sin 5 where, 8 is scattering

angle. Distance of closest app;’oabh may be calculated as:

szzez
Fain = 4
1299, 4
where, K = kinetic energy of o pzm‘zcles
Answer the following questions:
1. Rutherford’s ow-particle scattering expenment Ied to the
_conclusion that:
(a) mass and energy are related

- (b) mass and positive charge of an atom are concentrated in
the nucleus » '

(c) neutrons are present in the nucleus
(d) atoms are electrically neutral T e
2. From  the o-particle scattering expenment Rutherford

concluded that:

(a) Ot-partlcles can approach within a distance of the order of
107" m of the nucleus

(b) the radius of the nucleus is less than 1071

(¢) scatiering follows Coulomb’s law ,

(d) the positively charged parts of the atom move with
extremely high velocities

3. Rutherford’s-scattering formula fails for very small scattering
angles because:

(a) the gold foil is very thin

(b) the kinetic energy of a-particles is very high

(c) the full nuclear charge of the target atom is partially
- screened by its electron

(d) there is strong repulsive force between the ¢-particles and
" nucleus of the target

4. Alpha particles that come closer to the nuclei:
(a) are deflected more - - (b) are deflected less
{¢) make more collision (d) are slowed down more

5. Which of the following quantities will be zero for alpha
particles at the point of closest approach to the gold atom, in
Rutherford’s scattering of alpha particles?

* (a) Acceleration (b) Kinetic energy

(c) Potential energy (d) Electrical energy

' Passage 6

The splitti:z:g of spectral lines by a magnetic field is called the
Zeeman effect ufter the Dutch physicist Pieter Zeeman. The Zeeman
effect is a vivid confirmation of space quantization. Magnetic
quantum number ‘m’ was introduced during the study of Zeeman
effect. ‘m’ can have the (21 +1) values (~1,0,+1). Magneric
quantum number represents the orientation of atomic orbitals in
three-dimensional space. The normal Zeeman effect consists of the
splitting of a spectral line of frequency v into three components, i.e.,

Vi =v0-$}3;v2:v0;v3=v0+%e;3

Here, B is magnetic field.
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f\nswer the followmg questions:
1. Which of the following statements is mcorrect with reference
~ to the Zeeman effect?
(a) In a magnetic field, the energy ofa partlcular atomic state
depends on the values of ‘m’ and ‘n
- {b) Zeeman effect is used to calculate the e/ m ratio for an
electron
© Individual spectral lmes split into separate lines. The
distance between them 1s independent of the magnitude of
- the magnetic field -
" (d) The Zeeman effect involves splitting of a speciral line of
frequency v, into three components
2. A d-subshell in an atom in the presence and absence of
.magnetic field is:
(a) five-fold degenerate, non-degenerate
:'(b) seveanbld degenerate, non-degenerate
(<) five-fold degenerate, five-fold degenerate
“(d) non-degenerate, five-fold degenerate
3 Which among the : following  is/are. -correct about the
orientation of atomie orbitals in space?
(a) s-orbitals has single orientation
~ {b) d-subshell orbitals have three onentatlons
x, yand z directions’
() f- subshell have seven onentatlons in thelr orbxtals
G None of the above °
i Zeeman effect explains splitting of spectral lmes in:
{a) magnetic field- (b} electric field
(¢) both (a) and (b) (d) none of these
5. In'presence of magnetic field, d-suborbit is:
(2) five-fold degenerate {b) three-fold degenerate
(c) seven-fold degenerate  (d) non-degenerate

along

Passage 7
Spin angular momentum of an electron has no analogue in
classical mechanics. However, it turns out that the treatment of spin

angular momentum is closely a:zalogous to the treatment of orbital
angular momentum.

Spin angular momentum = \/s(s + 1) B

Orbital an:gular momentum = [I(1+1) h
Total spin of an atom or ion is a nz.uffiple of % Spin multiplicity is
a factor to confirm the electronic configuration of an atom of ion.
: } Spin multipéicitjz ={28s+1)
- Answer the following questions: o
L Total spin of Mn** (Z 25)ion wm be:
@3 s ©3 ()3

2. Whlch of the followmg electrqmc conﬂgurations have four

spin multiplicity?
I RN

@1 1 ]1]
o1 11]r]  @lelilv]

G.RB. PHYSICAL CHEMISTRY FOR COMPETITIONS

3. Which of the following quantum numbers is not derived from
Schriodinger wave equation?
{a) Principal (b) Azimuthal
(c) Magnetic (d) Spin .
4. In any subshell, the maximum number of electrons having
same value of spin quantum number is:

(a) ,/f(l+l) by 1+2 . () 2U+1 (d) 4/+2

5. The orbital angular momentum for a 2 p-electron is:

(@) V3 h (b) V6 1 (@ V2 %

{c) zero

& Passage 8

Dual nature of matter was proposed by de Broglie in 1923, it was
experimentally verifled by Davisson and Germer by diffraction
experiment. Wave character of matter has significance only for
microscopic particles. de Broglie wavelength or wavelength of
matter wave can be calculated using the following relation:

=t

mo

where, ‘m’and v’ are the mass and velocity of the particle.
de Broglie hypothesis siggested that electron. waves were being

diffracted by the target, much as X-rays are. dzj}"mczea' by planes of
atoms in the crystals.

Answer the following questions:
1 Planck’s constant has same dimension as that of:
(3} work {b) energy
(c) power (d) angular momentum
2. Wave nature of electrons is shown by:
(a) photoelectric effect {b) Compton effect
(c) diffraction experiment  (d) Stark effect

3. desBroine equation is obtained by combination of which of
- the following theories?

(a) Planck’s quantum theory
* (b) Einstein’s theory of mass-energy equivalence
(c) Theory of mterference
(d) Theory of diffraction
4. Which among the following is not used to calculate the de

_Broglie wavelength?
@ a=< (b)xzi
WV . : mo
o h . h
@ A= C@A=

~2Em ../2qu
5. The wavelength of matter waves assoc1ated with a body of
mass 1000 g moving with a velocity of 100 m/sec is:
(a) 662x 107 cm (b) 662x 107 cm

(e) 6626x 107 m (d) 33110 m

6. An " electron mlcroscope is used to probe the atomic .

arrangements te a resolution of 5 A. What should be the electric
potential to which the electrons need to be accelerated ?
(VITEEE 2008)
(@ 25V
(c) 2.5kV

(b) 6V
(d)5kvV
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° Passage 9

Orbital is the region in an atom where the probabzlzty of fi ndtng,
the electron is maximum. It represents three-dimensional motion of
an electron around the nucleus. Orbitals do.not specify a definite

path according to the uncertainty principle. An orbital is described

with the help of wave function y. Whenever an electron is described
by a wave function, we say that an electron occupies that erbital.
Since, many wave functions are possible for an electron, there are
many atomic orbitals in an atom. Orbitals have different shapes;
except s-orbitals, all other orbitals have directional character.
- Number of spherical nodes in an orbital is equal to (n—1-1).

147 -

e Passage 10

The hydrogen like species Li** isina sphencally symmezrzc state . .
Sy with one radial node. Upon absorbing light the ion undergoes
transition to a state S,. The state S, has one radial node and its -
energy is equal to fhe ground state energy of the hydrogen atom. -
ur 2010)

Answer the iol'lowmg questmns:
1. Thestate §, is: o :
(a)ls (b) 25 (©)2p (d)3s

[Hint: 25 is symmetrical having one radial node.]

- (0)

_ Orbital angular momentum of an electron is \JI(1 + 1) h. ‘2. Energy of the state S, in units of the hydrogen atom ground
" Answer the following questions: , state energy is: .
1. Which of the following orbitals is not cylindrically @075 (®)LS0 (9225 (d)4 50
. symmetrical about z-axis? L - E .0 s) -2><136 B
(@) 3d , (b)4p, (c) 6s (d)3d,, - [Hint: ~L* 4 = 2,25}
2. The nodes present in 5p-orbital are: By 136
* (a) one planar, five spherical - (b) one planar, four sphencal 3. The orbital angular momentim quantum number Of the state
" (c) one planar, three-sphierical(d) four spherical ~ ' §y is: v _ ' —
3. When an atom is placed in a magnetic field, the possible (@0 (b) 1 ©2 @3
number of orientations for an. orbital of azimuthal quantum [Hint: Orbital angular momentum quantum number of 3p
number 3 is: ‘ subshell, ie., /=1 B
' (a) three ‘(b) one (c) five (d) seven §, —tnsiton_, g ]
4. Orbital angular momentum of f-electrons is: % ¥
(@) V2 h ®V3E  ©Y12R  (d)2k
5. Which of the following orbitals has/have two nodal planes?
@) d, ®)d,, ©da_,  (d)Allof these
Passage 1. 1. (b) 2. (c) 3. (0) 4. () 55 (0
Passage 2. 1. () 2. b) 3. (b) 4. (b) 5. (©)
Passage 3. L. (a,d) 2. (a,b) 3. (¢y 4. () 5. (a)
Passage 4. 1. (b) 2. (a) 3. (¢) 4. (a,¢) 5. (b,c,d)
Passage 5. 1. (b) " 2. (a,b,c) 3. (c.d) 4. (a) ) ‘
Passage6. 1. (b) 2. (@ 3. (a,¢) 4 () 5. (d)
Passage 7. 1. (0) © 2. (a) 3. (d) s +0© 5. .
Passage 8. 1. (d) 2. (c) 3. (a,b) 4@ 5. 6. (b)
Pagsage 9. - L. (d) 2. (¢) NG/ 4. (¢) 5.(d
Passage 10, 1. (5) 2 3 (@) - ‘
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G.R.B. PHYS!CA_L CHEMISTRY FOR COMPETITIONS

@ SELF ASSESSMENT @
ASSIGNMENT NO 2 ’ A
SECT‘ON-l 11’ Which phenomenon best supports the theory that matter has a

- Straight Ob]ectlve Type Questmns

This section contains 11 multiple chcncc questions, Each

: ,quesnon has 4 choices (a), (b), (¢) and (d), out of which only

“one is correct.

Which one of the follow;ng leads to third line of Balmer
spectrum from red end (For hydrogen atém)?

@25 (B)5—>2 ©3—2 (Di4—>1
The orbital angular momentum and angular momentum (classical

- analogue) for the electron of 4s-orbital are respectively, equal to:

(a) \/E LS and 5
: 2n 2n

(b) zero and 2
s

(C)\/ghand%' )

. A sample of hydrogen atom is excited to n = 4 state. In the .
spectrum of emitted radiation, the number of lines in the

" ultraviolet and visible regions are respectively:

. (a)3:2

. Number of de Broglie waves made by a Bohr electron’in an

(b)2:3 (cy1:3 (dy3:1
orbit of maximum magnetic quantum number + 2 s: -

@)1 (b) 2 ©3 @) 4

‘First line of Lyman series of hydrogen atom occurs at A xA.

The corresfonding line of He* will occur at:

(a) 4x (b) 3x (c) x/3 (d) x/4
Electronic transition in He™ ion takes from nz to n, shell such
- that; ;
2n, 4+ 3n, =18" @)
2, -3n, =6 (id)

then what will be the total number of photons emltted when<
“electrons transit to », shell?

{2321
. Which of the following
- possible for an electron ?

(b) 15 ()20 (d)10-

sets of quantum numbers is not

@n=141=0,m=0,m=-12

CByn=21=lm=0m=-12

ve

©n=L1=lm=0m=+1/2

T dn=21=Lm=0m=+12
- The average hfe of an excited state of hydrogen atom is of the
.~ order of 1078

sec. The number of revolutions made by an'

}electron when it returns fromn = 2ton = lis:

‘ ';,(a)zzsx 10° (b) 22.8x 10° (c) 8.23x 10° (d) 2.82 x 106

10.

he wave number of a particular spectral line in the atomic

*_spectrum of a hydrogen like species increases 9/4 times when

deuterium nucleus is introduced into its rucleus, then which of
the following will be the initial hydrogen like species? ‘
(a) Li% (b) Li* (c) He' (d) Be** '
Energy of electron in the first Bohr orbit of H-atom is —313.6
kcal mol™'; then the energy in secong Bohr orbit will be:

(a) +313.6 kcalmol ™" . (b) — 78.4 keal mol ™!

(c) — 34.84 kcal mol™ (d) - 12.5 keal mol ™!

 [PET (Raj) 2008]

wave nature 7 {VITEEE 2008)
{a) Electron momentum (b) Electron diffraction’
(c) Photorz momentum

(d) Photon diffraction

SECT lON-lI

Multiple-AnswerS 'I'ype Objective Questions

12.

* (d) Difference in poténtial energy of two shells is equal to the

13.

14.

15.

Which of the following is/are correct?

(a) An electron in excited state cannot absorb a photon

(b) Energy of electrons depends only on the principal
quantum numbers

(c¢) Energy of electrons depends only on the principal
quantum number for hydrogen atom

difference in kinetic energy of these shells
Which of the following statements is/are correct?
(a) Energy of 45, 4p, 4d and 4f are same for hydrogen
{b) Angular momentum of electron = It
(c) For all values of ‘n’, the p-orbitals have the same shape
(d);Orbital angular momentum = nk/2xn
Which of the following orbitals are associated with angular
nodes?

@ f (byd OF d)s
The correct statement(s) among the following is/are:
(a) All d-orbitals except d_, have two angular nodes
b)d;_ 5,d ;i onthe Zxes

{c) The degeneracy of p-orbitals remains unaﬁected in the.
presence of external magnetic field

_(d) d—orblials have 3- fold degeneracy

SECTION-I. - -

: ,Assemon-Reason Type Questions

This section contains 5 questions. Each question contains -
Statement-1 (Assertion) and Statement-2 (Reason). Each
question has following 4 choices (a), (b), {c) and (d), out of

- which only one is correct.

16.

17,

(@) Statement-1 is true; statement-2 is true; statement~2 s a

correct explanation for statement-1.
(b) Statement-1 is true; statement-2 is true; statement 2 is not
a correct explanation for statement-1.
(¢) Statement-1 is true; statement-2 is false.
(d) Statement-1 is false; statement-2 is true.
Statement-1: Kinetic energy of photoelectrons increases with
increase in the frequency of incident radiation.
Because
Statement-2: The number of photoelectrons ejected increases
with increase in intensity of incident radiation.
Statement-1: Photoelectric effect xs easily pronounced by
caesium metal,
Bgcause
Statement-2: Photoelectric effect is easily pronounced by the
metals having high ionization energy.



18.

19.

20.

ATOMIC STRUCTURE

Statement-1: Electrons in K-shell revolve in circular orbit.
. Because .

Statement-2: Principal quantum number ‘»’ is equal to 1 for
the electrons in K-shell. '
Statement-1: Orbit and orbital are synonymous.

Because
Statement-2: Orbit is the path around the nucleus in which
electron revolves.
Statement-1: . C, =15, 28 ,2p> is -
configuration in first excited state.

Because
Statement-z Maximum energy by an electron is possessed in
its ground state.

the electronic

SECTION-IV

Matr:x-Matchmg Type Questions

21,

22.

This section contains 3 questions. Each question contains
statements given in two columns which have to be matched.
Staternents (a, b, ¢ and d) in Column-1 have to be matched with
statements (p, q, r and s) in Column-II. The answers to these
questions have to be appropriately bubbled as illustrated in the
following examples:

If the correct matches are (a-p,s); (b-q,1); (c-p,q) and (d-s);
then the correctly bubbled 4 X 4 matrix should be as follows: -

NoeC
[0/00®
@000
@0

23.

A\m

. (c) Wavelength of matter wave o % '

(d) Quantised value(s) ROLZZ ’

Match the Column-I with Column-II: .
Column-1 - Column-II ‘

(a)  Electrons cannot exist  (p) fde Broghe wavc
in the nucleus :

(b) -Microscopic particles . (q) A Electromagnetic
in motion are wave
associated with

(¢) No medium is required {r) Uncertainty principle
for propagation ‘ ;

(d)  Concept of orbit was (s) Transverse wave
replaced by orbital

SECTION-V

Linked Comprehension Type Questions

A chemist was performing an experiment to study the effect of
varying voltage on the velocity and de Broglie wavelength of the
electrons. In first experiment, the clectron was accelerated
through a potential difference of 1 kV and in second experiment,

it was accelerated through a potential difference of 2 kV.

The wavelength of de Broglie waves associated with electron
is given by: .
h

B A29Vm

where, ¥V is the voltage through whxch an electron is
accelerated.
Putting the values of &, mand ¢ we get:

- 123

\/;7,.

Q o
Answer the following questions: -

24.

Match the Column-I with Column-II: The wavelength of electron will be:
Column-l Column-II (a) 1.4 times in first case than in second case
() 4g  (p) Circular orbit around nucleus (b)1.4 ~tim§s in second case thgn in first case
®) 4p (q) Non-direction orbitals (c) double in second case than in first case
_ (d) double in first case than in second case
© s (r) Angular momentum = T 25. Inorder to get half velocity of electrons in second case, the
4 (s) Number of radial node = 0 applied potential will be:
g\ditch the properties of Column-I with the. formulae in 26 (@) 025 kY ®2kV . ©03kV (@075 ‘k\f
Column-11: . The velocity of electron will be:
Column-I Column-11 (a) same in both cases
« . h b) 1.4 times in second experiment than in first experiment
(a) Angular momentum of electron P NI+ D) — o (c) double in second experiment than in first experiment
(b) Orbital aﬂgular momentumm (@ Io ‘(d) four times in the second case than in ﬁfst case
1. (b) 2. (b) 3 (@ v ' 4 {©) 5 @ - 6. (d) 7. (©) 8‘.’ ()
9. (d) 10. (0) 11. (b) 12. (a,c, d) 13. (a,b,¢) 14. (a,b,c) “15. (a,b,¢) 16. (b)
17. (o). 18..(b) 19. (d) 20. ¢) 2L (a-p, qr) (b-1) (c-p,@) (d-s) | ‘
mmwwmnn@MmMﬂ 2. (a) 25. (a) 26 (b)

%



